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Mathews 
modernized 
hydrants 
offer these 
advantages 


Removable barrel contains all working parts 


This exclusive Mathews feature is of 
utmost importance to a smoothly 
functioning system. It permits a 
hydrant broken in a traffic accident to 
be removed and a spare put in its 
place. These two operations can be 
done without excavating and with only 
a few minutes’ loss of neighborhood 
fire protection. 


MATHEWS 


HYDRANTS 


Made by R. D. Wood Company 
Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of ‘‘Sand-Spun"' Pipe (centrifugally 
cast in sand molds) and R. D. Wood Gate Valves 


Easily maintained because simple in construc- 
tion e Stuffing box cast integral with nozzle 
section « Head turns 360° « Replaceable head 
¢ Nozzle sections easily changed « Nozzle levels 
raised or lowered without excavating « Protec- 
tion case of ‘‘Sand-Spun” cast iron for strength, 
toughness, elasticity *« Operating thread only 
part to be lubricated ¢ Available with mechanical 
joint pipe connections « A modern barrel makes 
an old Mathews good as new 
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If your requirements call for transmission or distri- 
bution mains of 16” diameter or larger, Lock Joint 
Pipe Company can provide high quality concrete 
pressure pipe in all standard diameters and some 
intermediate sizes. Starting at a minimum of 16”, 
Lock Joint Concrete Pressure Pipe is produced in 
32 different diameters, and its four distinct types of 
structural design cover every working condition 
common to American water works practice. 


Not only does Lock Joint Concrete Pressure Pipe 
qualify fully under A.W.W.A. specifications, but it 
alone embodies, in a conventionally designed pipe 
priced to meet competition, all the nine time-tested 
characteristics listed at right: 


@ PROOF AGAINST TUBERCULATION, CORROSION 
AND ELECTROLYTIC DAMAGE 


@ IMMUNITY TO RUPTURE OR BLOW-OUT 

@ SAFETY UNDER EXTREME EXTERNAL LOADS 
@ EVERY JOINT FLEXIBLE AND WATERTIGHT 
@ EASILY TAPPED 


@ SPECIALS TO MEET INDIVIDUAL 
SPECIFICATIONS 


@ USEFUL LIFE CONSERVATIVELY ESTIMATED 
AT 100 YEARS 


Whether your proposed line is large or small it will pay you to use Lock Joint 
Concrete Pressure Pipe, the pipe of proven durability, economy and dependability. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: 
Wharton, N. J. © Turner, Kan. * Detroit, Mich. 

= ANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, 
‘ol. « Kansas City, Mo. + Valley Park, Mo. «+ Chicago, Ill. 
Island, Il, Wichita, Kan, Kenilworth, N. J. Hartford, 
Conn. « Tucumeari, N. Mex, « Oklahoma City, Okla. + Tulsa, Okla. 
SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Mains in a wide range of diameters as well as 
Concrete Pipes of all types for Sanitary Sewers, Storm 

Drains, Culverts and Subaqueous Lines, 


‘ 
@ PERMANENT HIGH CARRYING CAPACITY 
| 
@ MINIMUM MAINTENANCE AND REPAIR COSTS 
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Cut-away 1898 
Trident Meter 
showing today’s 
improved parts in 
place. 


OUT FROM THE START 


THANKS TO 


TRIDENT etenchaugeability 


In more than half a century, DEPRECIA- 


TION hasn’t had a chance at Trident Meters, 
for two reasons: 

— while the sound, basic design of Tridents 
has remained essentially the same 

— today’s interchangeable working parts 
are greatly improved in design, construction, 
operation. Fitted into Tridents 50 years old or 
more, they thus make those “old” meters even 
better than they were when new. 

Because of this Trident Interchangeability, 
(among other features) nearly 10 million 
Tridents have been sold; and the great majority 
are still in profitable operation. 


T RIDEN : NEPTUNE METER COMPANY * 50 West 50th Street * NEW YORK 20, N. ¥. 
Branch Offices in Atlanta, Boston, C! Chicago, Delles, Denver, Los Angeles, 
Louleville, North Kansas City, Portland, Ore., San Francisco. 
METERS 
don’t b OBSOLE 
on ecome 
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DIVISION AND SECTION OFFICERS 


Officers of the Divisions 


Water Purification Division—Chairman, H. O. HartunG; Vice-Chairman, R. L. DeErRsy; 
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Rocky Mountain C.G. Caldwell — R. L. Sherard G. J. Turre B. V. Howe 
Southeastern Sherman Russell T. M. Rogers T. A. Kolb J. F. Pearson 
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Virginia R. D. Wright B. L. Strother |W. H. Shewbridge E. C. Meredith 
West Virginia W. S. Staub M. B. Stewart H. K. Gidley M. K. Jones 
Wisconsin F. K. Quimby _ E. F. Tanghe L. A. Smith T. M. McGuire 
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Hearttora, Connecticut, has a cast iron 

gas main in service that was installed more 
than a century ago. On the anniversary of 
its 100th service year a section of this main 
was uncovered for inspection and found to be 
in excellent condition. This main, installed 
in the days of horse-drawn vans and vehicles, 
is now serving under the pavement of one 

of Hartford’s principal thoroughfares and 
withstanding the traffic shock imposed by 
modern buses and multi-ton trucks. 

Despite such unforeseen stresses, cast iron 
water and gas mains, installed over a century 
ago, are still serving in the streets of more 
than 30 cities in the United States and Canada. 
United States Pipe and Foundry Co., 
General Offices, Burlington, N.J. 

Plants and Sales Offices 

throughout the U.S.A. 


NUMBER SEVEN OF A SERIES 


wan Hartford’s famous Charter Oak which flourished for 200 years before it fell in 1856 a 
I PE ; 
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CALMET Conquers 
All Climates.... 


Winter and summer .. . day after day. . . year after year 
..- CALMET WATER METERS are setting new standards 
for sustained accuracy and low maintenance cost. Sudden 
temperature changes and severe operating conditions of 
every type are being successfully met by CALMET Meters 
. » . positive proof of their superior value. 


Regardless of conditions in your locality, the CALMET is 
conscientiously built to insure maximum revenue with 
minimum expense for inspection and repairs. 


The CALMET is designed to give you lasting, efficient 
service and will meet, in every respect, your most exacting 
demands. 


@ SALES REPRESENTATIVES—Write for 
complete details of the CALMET franchise 


in your territory. 


MET WATER METERS 


| MADE BY WELL MACHINERY & SUPPLY CO.,INC.—FORT WORTH, TEXAS 
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September 


COMING MEETINGS 


12-14—Minnesota Section at Hotel Nicollet, Minneapolis. 
Secretary : Leonard N. Thompson, Gen. Mgr., Wa- 
ter Dept., St. Paul 2, Minn. 


13-14—New York Section at Whiteface Inn, Whiteface. 
Secretary: R. K. Blanchard, Vice Pres., Neptune 
Meter Co., 50 W. 50th St., New York, N.Y. 


17-19—Kentucky-Tennessee Section at Louisville Kentucky 
Hotel, Louisville. Secretary: R. P. Farrell, Direc- 
tor, Div. of San. Eng., State Dept. of Public Health, 
420—6th Ave., N., Nashville, Tenn. 


19-21—Michigan Section at Whitcomb Hotel, St. Joseph. 
Secretary: T. L. Vander Velde, Chief, Section of 
Water Supply, State Dept. of Health, Lansing 4, 
Mich. 


19-21—Pennsylvania Section at Bellevue-Stratford Hotel, 
Philadelphia. Secretary: L. S. Morgan, Div. Engr., 
State Dept. of Health, Greensburg, Pa. 


24—25—Rocky Mountain Section at Hotel Cosmopolitan, 
Denver, Colo. Secretary: George J. Turre, San. 
Engr., Board of Water Comrs., Box 600, Denver, 
Colo. 


24-26—Alabama-Mississippi Section at Buena Vista Hotel, 
Biloxi, Miss. Secretary: Charles W. White, Asst. 
San. Engr., State Dept. of Public Health, 537 Dex- 
ter Ave., Montgomery 4, Ala. 


25-27—-Wisconsin Section at Pfister Hotel, Milwaukee. 
Secretary: Leon A. Smith, Supt., Water & Sewer- 
age, City Hall, Madison 3, Wis. 


27-28—Ohio Section at Commodore Perry Hotel, Toledo. 
Secretary.: F. P. Fischer, Sales Engr., Wallace & 
Tiernan Co., 812 Perry Payne Bldg., Cleveland 13, 
Ohio. 


Sept. 30-October 2—Missouri Section at Hotel Robidoux, St. Joseph. 


Secretary: Warren A. Kramer, Div. of Health, 
State Office Bldg., Jefferson City, Mo. 
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WATER LOSSES 


Treated water that’s lost in waste sludge at the pre-treatment step is just 
as important—and costly—as every gallon that goes to the filters or mains. 
The Dorrco Hydro-Treator has two exclusive features that cut these losses 
... and at the same time improve the entire operation—whether its soften- 
ing, color or turbidity removal or a combination of all three. 


Thick, dense sludge produced by the squeezing action of the rotating 
rakes on the Hydro-Treator floor and sludge pocket, is positively re- 
moved at final density from the tank with a Dorrco VM variable stroke 

Pump operated by a program time clock. 


Pump discharge falls to a splitter box where a regulated amount of 
sludge is mixed and returned to the tank with the incoming raw water. 

These factors cut water loss to an absolute minimum. If you'd like more 
information on the Hydro-Treator—operating results, drawings and pho- 
tographs—and a complete description with sample specifications; a new 

32-page bulletin #9041 has just been printed and will be sent on request. 
Address your inquiries to The Dorr Company, Barry Place, Stamford, 

Conn.; or in Canada, to The Dorr Company, 80 Richmond Street, West, 


Toronto 1. No obligation, of course. 
Hydro-Treator is a trademark of The Dorr Company, Reg. U. S. Pat. Of. 
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THE DORR COMPANY - ENGINEERS - STAMFORD, CONN 
Associoted Companies ond Representatives in the principal cities of the world 


SLUDGE TO WASTE 
HYDRO -TREATOR HIGH PRESSURE WATER LINE 
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"Heavens to Betsy! We're out of 


Aqua Nuchar Activated Carbon” 


“Never again,” said this bright, young But even the best managed water plants 
water works operator. “From now on, run out of Activated Carbon. That is 
why warehouse and factory stocks of Aqua 


i ‘ Nuchar are maintained at strategic points 
Nuchar Activated Carbon on hand just 
throughout the country so that rush de- 


in case a sudden taste or odor develops in jiveries can usually be made within 24 hours 
our raw water supply. or less by local express. 


CHEMICAL SALES 
division west virginia pulp and paper company 


NEW YORK CENTRAL BLDG. PURE OW BLDG. BLDG. 2775 EAST 132nd STREET 


230 PARK AVENUE 35 E. WACKER DRIVE BROAD & CHESTNUT STS. AT SHAKER SQUARE 
NEW YORK 17, N. Y. CHICAGO 1, ILLINOIS PHILADELPHIA 7, PA. CLEVELAND 20, 0. 


I’m keeping a reserve stock of Aqua 
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CHARTS 


TELL THE | 


Charts from the Wallace & Tiernan Residual Chlorine 
Recorder speak for themselves in proving the value of 
residual recording. Wherever Recorders are installed, the 
charts point out any irregularities in the chlorination 
process — show the way to correct difficulties — and give 
continuous proof of proper operation. In modern plants 
everywhere, more and more operators depend on Residual 
Recorders for uniform chlorine residuals. 

This accurate control of chlorine residuals, not possible 
with periodic testing, results in greater uniformity of water 
quality — an objective towards which all plants are striving; 
helps eliminate wastage of chlorine by over treatment; and 
prevents possible health hazards which may result from 
under treatment. 

W&T’s publication,“Charts Tell a Story,” shows, by the 
reproduction of actual charts, how Residual Recorders have 
aided typical plants all over the country. 

Why not write for your copy today — or call your 
W&T Engineer — to see how residual recording can help 
in your plant, too? 


WALLACE & TIERNAN 


COMPANY, INC. 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES 


W&T Residual 
Chlorine Recorder 
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Studies on Diatomaceous Earth Filtration 
By Joseph M. Sanchis and John C. Merrell Jr. 
A paper presented on May 1, 1951, at the Annual Conference, Miami, 


by Joseph M. Sanchis, San. Engr., and John C. Merrell Jr., San. Eng. 
Assoc., Dept. of Water and Power, Los Angeles. 


LIMATIC and environmental con- 
ditions in the Los Angeles area 


have led to the development of plank- 
ton growths in the series of large, 
open, distributing reservoirs that sup- 


ply the city (Fig. 1). These growths 
and their subsequent decay create occa- 
sional taste and odor problems, and to 
a large extent they constitute the load 
of suspended matter that the water car- 
ries into the distribution system. 
Constant efforts are therefore put 
forth to control biological activity in 
reservoirs by chemical treatment. As 
a result, the quality of the impounded 
water is such that chlorination alone 
conditions it to meet the present U.S. 
Public Health Service drinking water 
quality requirements. Consequently, 
a water filtration program for Los An- 
geles is not being considered at this 
time. The Division of Sanitary Engi- 
neering has nevertheless been au- 
thorized to gather data which will per- 
mit selection of the most effective and 


economical process for the treatment 
of the city’s supply if additional treat- 
ment facilities be required in the future. 

The work done on diatomaceous 
earth filtration is part of the general 
program of such water treatment 
studies. 


Treatment Problem 


About three-fourths of the Los An- 
geles population resides south of the 
Santa Monica Mountain Range, an 
east-west barrier which divides the city 
into two sectors of approximately 
equal areas. Most of this section of 
the city is served water from three dis- 
tributing reservoirs located in narrow 
canyons along the range. 

When water treatment studies were 
started, it seemed logical to consider 
filtration at the outlets of reservoirs 
serving only the southern section as 
the most profitable water treatment in- 
vestment. Closer investigation, how- 
ever, revealed that filtration at the out- 
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lets of these reservoirs presented two 
serious problems. 

The first difficulty was the lack of 
sufficient space. =A _ conventional 
gravity type plant of sufficient capacity 
to treat the flows expected from Holly- 
wood Reservoir in the near future has 
been estimated to require 3.5 acres. 
The topography of the plant site, how- 
ever, presents less than 1 acre that 
could be utilized for this purpose. 
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plant. It would therefore be necessary 
to pump an appreciable portion of the 
filtered water in order to regain the 
head needed to supply the foothill 
areas. 

Under the circumstances, it seemed 
that the most practical means of ob- 
taining the required water quality, 
within the existing space and preferred 
head loss limitations, was offered by 
the adaptation of diatomaceous earth 
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Fig. 1. Reservoir Water Quality Variations 


Typical variations in reservoir water quality are reflected by fluctuations in microscopic 
plant densities, expressed in terms of areal standard units per milliter. 


Similar limitations exist at the outlets 
of both Stone Canyon and Franklin 
- Canyon Reservoirs, the other two dis- 
tributing points serving the southern 
section. 

The other problem presented by con- 
ventional gravity type rapid sand fil- 
ters is that they would dissipate all the 
available head at the lowest usable gate 
elevation in the reservoir outlet tower, 
without considering the head loss nec- 
essary to put the water through the 


(diatomite) filters 
operation. 

The basic feature ‘of the diatomite 
method of filtration is the use of a 
rigid, permeable membrane that sup- 
ports a layer of filtering medium of 
diatomaceous silica or similar material, 
commonly called “‘filter-aid.” 

Inasmuch as the layers of filtering 
media are very light and can be sup- 
ported on a vertical filter element mem- 
brane by any flow of raw water 
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through the filter, it is possible to filter 
horizontally instead of vertically as in 
conventional sand and gravel filters. 
Horizontal filtration, coupled with the 
fact that the diatomite process lends 
itself to the treatment of the local water 
supply without preconditioning in co- 
agulation and settling basins, make 
possible a great saving in space. 

Diatomite and similar filters have 
been used in industrial processes for 
many years to clarify liquids at very 
low filtration rates. More recently, 
diatomite filters have been used suc- 
cessfully to filter military water sup- 
plies in the field (1) and to clarify 
swimming pool water (2). In all 
these applications, however, the vol- 
umes of water treated were relatively 
small. 

Although considerable data on diato- 
mite filters were on hand as a result 
of research carried on by the Water 
Supply Equipment Branch of the U. S. 
Army Engineer Board and by equip- 
ment manufacturers, there was no pre- 
cedent to follow for designing a water 
filtration plant of the magnitude re- 
quired for treating the outflows from 
the department’s main reservoirs. It 
was therefore obvious that a local study 
was necessary to determine the appli- 
cability and limitations of the diato- 
mite process on the basis of its per- 
formance with the city’s water supply, 
and to obtain more complete informa- 
tion on all factors affecting design and 
operation. 


Diatomite Process 


The filter-aid (“diatomite’”) process 
is essentially a physical or straining 


method of filtration. 
cycle of this process is: 
1. Precoat Operation. During the 
first, or precoat operation, a layer of 
filter-aid is built up on the septa of the 
filter elements. (The septum is the 
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permeable portion of the filter element 
assembiy which actually supports the 
filter-aid. ) 

2. Service Flow. During the serv- 
ice flow, actual filtration takes place 
until a predetermined head loss is 
reached. 

3. Backwash. In backwashing, the 
fouled filter-aid is expelled from the 
filter elements. 

4. Drain-Down, During drain-down 
the water in the filter shell containing 
the backwash sludge is released. 


There are two procedures in general 
use for applying the precoat on filter 
elements. In one method, the filter-aid 
is inserted directly into the filter shell 
and is brought to the filter elements 
by the water being filtered, at the start 
of the filter run. In the other precoat- 
ing procedure, used in most of this ex- 
perimental work, a prepared filter-aid 
slurry is recirculated through the filter 
until the filter effluent returning to the 
slurry tank is clear. 

The porosity of the filter element 
septum and the fineness of the filter-aid 
used will determine, to a large extent, 
the selection of precoating procedure. 

The recirculating procedure is used 
to advantage when dealing with a large 
opening filter element septum and fine 
filter-aids, in order to avoid the pres- 
ence of fine particles in the effluent at 
the start of the filter run. 

Under normal circumstances the pre- 
coat cake surface becomes fouled with 
a layer of particles removed from the 
water being filtered. The rapidity with 
which this fouling takes place depends 
chiefly on the porosity of the filter-aid, 
the type and amount of suspended mat- 
ter in the water being filtered, and the 
filtration rate used. 

Slimy material, large concentrations 
of green and blue-green algae, and 
close-textured diatoms have been found 
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to have a marked shortening effect on 
filter runs. Turbidity resulting from 
more than 20 ppm. of silt has also been 
troublesome. Although partial re- 
moval of turbidity by flocculation and 
sedimentation prior to filtration may be 
helpful, the studies indicate that any 
fine floc reaching the filter will tend 
to seal the filter-aid, thereby shortening 
the filter run. The need for additional 
structures in which to carry on floccu- 
lation and sedimentation will also in- 
crease space requirements as well as 
the cost of the diatomite plant. As 
a result, of course, some of the ad- 
vantages of the process over conyen- 
tional rapid sand filtration would be 
diminished. 

The surface fouling of diatomite fil- 
ters is materially lessened, and the 
length of filter runs consequently in- 
creased by the continuous injection of 
small amounts of filter-aid into the raw 
water as it enters the filter. The action 
of this filter-aid addition, called “body 
feed” is to prevent the matter sus- 
pended in the water from forming a 
continuous film over the entire filter 
cake surface. 

Pressure conditions in most of the 
Los Angeles foothill areas are such 
that if any head is lost at the filters, 
additional pumping will be necessary to 
maintain the required pressures in 
these areas. It was therefore decided 
to conduct filtration studies at maxi- 
mum pressure differentials of 10 psi., 
with a sufficient number of runs ex- 


_ tended to 20 psi. to determine differ- 


ences in yield and length of run. 


Commercial Filter Studies 


The first experimental work was 
carried out using three commercial fil- 
ters, two of which were upward-flow 
units equipped with metallic filter ele- 
ments. The arrangement of the filter 


J. M. SANCHIS & J. C. MERRELL JR. 


Jour. AWWA 


elements and some of the operating fea- 
tures of these two filters differed, but 
in filter area and type of filter element 
they were identical. The third filter 
varied radically in design from the 
others and could be operated with 
either porous stone tubes or cylindrical 
metallic screens. A fourth commercial 
filter unit offering 30 sq.ft. of filter 
area was procured, and was equipped 


Fig. 2. Experimental Filter Plant 


This general view shows the water de- 
aerating tower in the background, and 
four diatomite filters. 


to perform the four operations of the 
diatomite filter cycle automatically by 
means of hydraulic valves actuated by 
a central, single-knob control switch. 
This unit, in fact, served as a small 
scale model from which the operating 
needs of a large installation could be 
visualized (Fig. 2-3). 

The work done with these commer- 
cial units yielded valuable information 
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on the best arrangement of inlet, outlet 
and backwash piping, valves and direc- 
tion of flow; overall head losses of 
unit; the type of valves best suited for 
each function to be performed; design 
features which eliminate air-locks in 
the system; and the effect of dissolved 
and entrained gases in the water being 
treated. 


Body Feed Tank 
and Pump 
(Proportioning) 


Precoat Tank 
and Pump 
(Recirculating) 
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ciency, if a small quick-opening valve 
is used to operate the air vent on the 
filter. With the air vent valve, surging 
effects can be produced on the filter 
elements without endangering the wa- 
ter piping. 

Improper construction of filter ele- 
inent caps and filter domes was found 
to be the cause of troublesome air locks 


Filtered Water 


Plastic 
Filter Case 


(coo 


Meter 
Pig. 3. 


Raw Water 


Drain 


Experimental Diatomite Filter Assembly 


This schematic diagram shows the main elements of the experimental diatomite filter 
assembly. 


The results of these experiments 
with different types of valves indicate 
that although quick-opening valves 
have been used to advantage for the 
backwash operation in small diatomite 
filters, their use in large-capacity 
plants is objectionable, mainly because 
of their tendency to produce water- 
hammer. The department’s work indi- 
cates that slow-operating valves can be 
used in the water piping of the back- 
wash system without impairing its effi- 


in some of the available commercial 
diatomite filters. The difficulty was 
invariably overcome by improving de- 
sign and providing air vents at the 
proper places. 

Because dissolved and entrained 
gases in water are known to cause 
serious air-binding difficulties in the 
operation of rapid sand filters, a study 
was undertaken to determine the effect 
which the presence of gases in water 
would have upon the operating effi- 


. 
Backwash 
Manometer 
Filter 
Element 
— 


x 


nt 


$88 


60 


Filter Yield Control — per ce 


Key 
a 
Control Run 


24 Oxygen Run 


1234567 8 9 1011 1213 
Run Number 


Fig. 4. Effect of Oxygen Supersaturation 


Dissolved Oxygen ppm. 
> 


The effect of dissolved and entrained oxy- 
gen on diatomite filter performance is 
shown by plotting data from paired filter 
runs. The water used in one run of each 
pair contained the normal amount of dis- 
solved oxygen at the reservoir outlet and 
served as control. Water from the same 
service was supersaturated by an injector 
with oxygen from a pressure gas con- 
tainer and used for the other run of the 
pair. All runs were made with differ- 
ential pressures up to 12 psi. across the 
filter membrane. The lower graph shows 
the difference in oxygen concentration in 
the water used for each pair of runs, 
while the upper graph shows the corre- 


_ sponding differences in yield of filtered 
_ water based on a 100 per cent yield for 


the control runs. The results indicate 
that dissolved or entrained oxygen in the 
water in concentrations from normal to 
almost four times normal has no signifi- 
cant effect on performance of diatomite 
filters operating under pressure. 


ciency of diatomite filters. Air, oxy- 
gen and nitrogen were used to super- 
saturate water in different runs. The 
results were then compared with those 
of filter runs made with water contain- 
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Fig. 5. Effect of Dissolved and 
Entrained Gases 


The effect of back-pressure on the influ- 
ence of dissolved and entrained gases on 
diatomite filter performance is shown by 
plotting the length of filter run for each 
increment of filter head loss. Similar 
conditions of water quality, filter-aid, and 
flow rate were used to show the effect of 
variable factors as noted. These graphs 
indicate a decrease in length of filter run 
for low pressure filtration of air super- 
saturated water, showing the effect of 
air-locking in the filter due to release of 
dissolved and entrained air. This is 
hardly noticeable in high-pressure runs. 


Key to curves: 


A—Air-supersaturated water low-pressure run (up to 
5-psi. back pressure) 

P—-Air-supersaturatcd water high-pressure run 

C—Deaerated water 


ing the normal amount of dissolved 
gases and also with water which had 
been completely deaerated. A diato- 
mite filter equipped with 14 filter ele- 
ments having a total filter area of 11 
sq.ft. was employed. The filtration 
rate used in these experiments was 2.8 
gpm. per sq.ft. 

As a typical example, the effect of 
dissolved and entrained oxygen on di- 
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atomite filter performance is shown by 
plotting data from pairs of filter runs 
as indicated in Fig. 4. The water used 
in one of the filter runs of each pair 
contained the normal amount of dis- 
solved oxygen at the reservoir outlet 
and served as the control factor. The 
other filter run of the pair was made 
with water, obtained from the same 


Fig. 6. Experimental Diatomite Filter 


This view of the filter unit shows the pre- 
coat in place at the start of the run. 


service, which had subsequently been 
supersaturated, by means of a diffusing 
injector, with oxygen obtained from a 


pressure gas container. All the filter 
runs were made with differential pres- 
sures up to 12 psi. across the filter 
membrane. 

The results of this study indicate 
that the presence of dissolved or en- 
trained gases in water treated in diato- 
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mite filters has no appreciable effect on 
the efficiency of the process, provided 
sufficient back pressure is maintained 
to prevent the release of gases in the 
filter. The effect of back pressure on 
diatomite filter performance when 
treating water supersaturated with air 
is shown in Fig. 5, in which the lengths 
of filter runs are plotted for each in- 
crement of filter head loss. Similar 
conditions of water quality, filter-aid, 
and flow rate were used to show the 
effects of the variable factors. 

Although commercial diatomite fil- 
ters proved to be useful for the overall 
study of filter performance, it soon be- 
came apparent that detailed study of 
filter-aid and filter element perform- 
ance could be made more conveniently 
by using single filter elements mounted 
in transparent filter shells. In this 
way, observation of filter septa opera- 
tion at all the stages of the process was 
feasible. As a result the HEFP No. 1 
Filter, shown in Fig. 6, was designed 
and constructed. This unit enabled 
testing of filter elements up to 36 in. 
long and 44 in. od. 

In order to study possible length 
limitations of filter elements, a similar 
filter, known as the HEFP No. 3 was 
built. This model can be used for per- 
formance studies of filter elements up 
to 60 in. long and 5$ in. od. 

Still another filter, a miniature type, 
designated HEFP No. 2, was designed 
and constructed for accelerated pre- 
determinations of optimum filter-aid 
doses for any type of water to be 
treated, and for use as a portable ex- 
perimental unit. 


Filter-Aid Studies 


The filter-aid process is generally 
predicated upon the premise that, to 
remove a particle of suspended matter 
of given size, the interstitial openings 
of the filter medium must be smaller 
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than the particle. Consequently, the 
degree of clarity designed in the filter 
effluent can be regulated by the choice 
of filter-aid (3). 

The desired properties of a filter-aid 
are that it be a finely divided powder, 
highly porous, light in weight, insolu- 
ble, and without effect upon the chemi- 
cal properties of the filtrate. Because 
diatomaceous silica (diatomite) has 
these essential properties, it has be- 
come the accepted material for the 
clarification of virtually all liquids 
which require filtration. Vast deposits 
of diatomaceous earth exist in many 
parts of the United States, notably 
along the Pacific Coast. Some of the 
largest and purest deposits of this 
material are located in California. 

Diatomite filter-aids are available 
commercially in more than 10 different 
grades of porosity. These differences 
in pore size are microscopic but influ- 
ence the rate of flow and degree of 
clarity of filter effluents greatly. Be- 
cause of these varying filter-aid porosi- 
ties, a grade of diatomite can be se- 
lected that will give the maximum rate 
of flow consistent with the desired 
clarification for a given process. After 
investigating the possibilities of seven 


_ grades of diatomite it was found that 


the four coarser products tested gave 
the longest runs with satisfactory efflu- 
ent clarity, thereby being considered 
best for the treatment of water carry- 
ing an appreciable plankton load, such 
as that leaving open reservoirs in the 
Los Angeles water system. 

In addition to the natural diatomite 
filter-aids, experiments have been con- 
ducted with an amorphous aluminum 
silicate powder containing 70 per cent 
silica and 30 per cent aluminum oxide. 
This is a synthetic product, lighter than 
diatomaceous earth, that tends to float 
in water. It appears to be more easily 
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reclaimed than diatomite and requires 
smaller doses by weight for equivalent 
filtration results. Its present cost, 
however, places it at a disadvantage 
when competing with other types of 
filter-aid. 

Several grades of commercial wood 
pulp products have also been tried as 
filter-aids. These products do not 
seem capable of producing filter efflu- 
ents of a quality comparable to that ob- 
tained with diatomite. Certain grades 
will, however, increase filter runs with- 
out impairment of filter effluent quality 
when used sparingly in conjunction 
with diatomite, as either a body-feed 
or precoat. 

These wood pulp products are more 
expensive than diatomite and their use 
as admixtures will prove economical 
only when they are used in the precoat 
for filter runs that require little or no 
body feed. This seems to indicate that 
the increase in length of filter run is 
the result of the formation of a ruffled 
surface that increases the area on 
which the suspended matter in the 
water can be collected. 


Filter-Aid Requirements 


The total filter-aid requirements in- 
clude the amount of material used to 
precoat the elements as well as that 
used as “body feed.” 

In selecting the precoat material it 
is necessary to consider the porosity of 
the filter element septum used, the 
character of the suspended solids to be 
removed and the degree of clarity de- 
sired in the filter effluent during the 
initial stages of the filter run. The 
ideal amount of precoat material to use 
in any particular filter will be the mini- 
mum amount needed to protect the 
filter element from clogging while pro- 
ducing an effluent of the quality 
desired. 
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In the department’s work, the opti- 
mum amount of precoat was deter- 
mined by visual .observation of filter 
element performance in the _plastic- 
shell filter (Fig. 6) and by recording 
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Fig. 7. Selection of Optimum 
Dose of Precoat 


The vertical lines indicate treated water 
(filter effluent) turbidities as measured 
by the ordinate on the right side for suc- 
cessive time intervals for each of three 
precoat doses. The total filter-aid re- 
quirements are measured by the ordinate 
on the left side and are represented by 
points on the inclined line for the typical 
water treated. For these particular con- 
ditions, 0.5 oz. per square foot of filter 
area would be considered to be the opti- 
mum precoat dose. The filter rate was 
6.5 gpm. per sq.ft.; the precoat was Ce- 
lite* No. 503 and the body feed was 9 
ppm. of Celite No. 503. 


* A product of Johns-Manville, New York. 


turbidities of the filter effluent at 10- 
minute intervals (Fig. 7). If water 
quality is not likely to fluctuate dras- 
tically, the optimum precoat for a 
given type of filter element, for all 
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practical purposes, remains constant. 
Experimental results showed that for 
the types of filter septa used, operating 
at rates not in excess of 7 gpm. per 
sq.ft., the most economical precoat 
filter-aid doses, consistent with satis- 
factory initial effluent water quality, 
varied from 4 to } oz. per sq.ft. of filter 
area. 
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Fig. 8. Effect of Water Turbidity on 
Optimum Body-Feed Dose 


Optimum Body Feed Dose - ppm. 


The effect of raw water turbidity on the 
optimum body-feed dose is shown by plot- 
ting the turbidity and optimum body feed 
dose for a wide variation of raw water 
conditions. The upper and lower limit 
lines show the range that has been en- 
countered with Hollywood Reservoir wa- 
ter within a year. Each of the plotted 
points represents the most economical 
body-feed dose determined experimentally 
(Fig. 9) for particular water quality con- 
ditions and type of filter-aid used in a 
given filter run. 


Body-feed requirements are said to 
vary, in general, proportionately with 
the raw water turbidity, yet the evi- 
dence on hand indicates that body-feed 
requirements depend to a large extent 
upon the type as well as the amount 
of suspended matter carried by the 
water (Fig. 8, 9). 

Inasmuch as it was noted that the 
optimum body-feed doses do not vary 
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‘ Fig. 9. Effect of Type and Amount of 
_ Suspended Matter on Total Filter-Aid Re- 
quirements and Optimum Body-Feed Dose 


Two curves known as “optimum body- 
feed curves” (one for each of two differ- 
ent water sources) have been plotted 
from data obtained in a series of filter 
runs in which the only variable was the 
body-feed dose used. Optimum body-feed 
doses of 4.5 and 9.5 ppm. are shown in 
the graph for each of the two waters fil- 

_ tered. The type and concentration of or- 

_  ganisms carried by each of the raw wa- 
ters used are indicated in the plankton 

report below: 


Total Count 


Average Size (Areal Standard Units 
re per ml.) 
Standard Upper Lower 

Organism Units) Hollywood Hollywood 
Asterionella......... 1 88 133 
Melosira punctata.. . 36 
Stephanodiscus....... 1 146 46 
Stephanodiscus....... 4 42 _ 
Synedra pulchella.... . 47 
Navicula........ . OS 3 
Amphiprora..... 46 
Coelastrum...... 1 35 
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appreciably, for all practical purposes, 
at different filtration rates up to 15 
gpm. per sq. ft., it was possible to pre- 
determine the most economical body- 
feed dose for any particular water by 
making three runs in a miniature filter 
at a relatively high filtration rate (from 
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Fig. 10. Effect of Total Head Loss on 
Diatomite Requirements 


The effect of increasing the maximum 
allowable filter run head loss on filter-aid 
requirements is shown by plotting the 
saving in filter-aid for filter runs made 
to a maximum head loss of 5, 10, 15, 20 
psi. The saving is based on amount of 
diatomite used in the 5-psi. filter run. 


10 to 15 gpm. per sq.ft.) using a differ- 
ent body-feed dose for each run and 
plotting total filter-aid requirements 
per million gallons of water treated 
against the body-feed dose used in each 
run (Fig. 9). Body-feed doses that 
varied from 1 to 10 ppm. were found 
suitable for the clarification of most of 
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the waters filtered at the experimental 
treatment plant. 

At the length of filter run ordinarily 
attained with a maximum head loss of 
10 psi., the total filter-aid requirements 
were found to vary from 50 to 250 lb. 
of diatomite per million gallons of 
water treated. The larger increments 
were required for water containing 
greater amounts of suspended matter 
and for filter runs in which powdered 
activated carbon was used to remove 
tastes and odors. Under the condi- 
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Fig. 11. Effect of Filtration Rate on 
Diatomite Requirements 


The effect of filtration rate on filter-aid 

requirements is shown by plotting the 

saving in filter-aid at various filtration 

rates, over the amount of filter-aid re- 

quired at an arbitrary maximum rate of 
15 gpm. per sq.ft. 


tions prevailing at Los Angeles, and at 
the present market prices, the cost of 
diatomite has been estimated to be 
from one-third to three times higher 
than that of conventional water treat- 
ment chemicals. 

It was noted that, within limits, a 
reduction in filter-aid requirements per 
unit volume of water treated can be 
obtained by increasing the allowable 
pressure loss through the filters before 
discontinuing the filter run (Fig. 10). 
It was found that another way of re- 
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ducing filter-aid requirements is to de- 
crease filtration rates (Fig. 11). 

A reduction in filtration rates, how- 
ever, means an increase in filter area 
needed to filter a given volume of wa- 
ter. Faster filtration rates, on the 
other hand, mean lower yields (Fig. 
12), shorter filter runs and more fre- 
quent backwashing. 

An economic study in which the in- 
creased capital costs for filter equip- 
ment are balanced against the saving 
in operating costs would be necessary 
to select the optimum filtration rate. 
The saving in operating costs consid- 
ered in such a study should include not 
only the savings on filter-aid but also 
those in labor and backwash water as 
well as the cost of the additional equip- 
ment required to compensate for lower 
yields and for standby operation while 
filters are being backwashed. 


Filtrability Index 


The “‘filtrability index,” a term re- 
cently introduced by British water 
works literature, may prove to be an 
effective tool to predetermine optimum 
body feed requirements. This index 
was originally used to predict micro- 
strainer performance. 

Experimental observations with var- 
ious filtering and straining media 
showed that the relation of rate of in- 
crease of hydraulic resistance to the 
volume filtered was proportional to the 
hydraulic resistance: 


Upon this basis, P. L. Boucher (4) 
derived an equation for the filtrability 
index: 


l H 
[= loge — 


: 4 
: Ba 
> 
4 
a 
+ 
dH 
2 


486 


in which J represents the filtrability 
index, H, denotes initial resistance 
(head loss) of the filters and H the 
resistance (head loss) after the passage 
of a volume of water V. The values of 
H, and H must be measured at the 
same velocity and in the same units. 
The volume, ’, is measured in cubic 
feet per square foot of filter area. The 
filtrability index can therefore be de- 
fined as a measure of the rate of in- 
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Fig. 12. Effect of Filtration Rate on 
Filter Yield 


The effect of filtration rate on filter yield 

is shown by plotting the increase or de- 

crease in filter yield for various filtration 

rates. The yield for the 5 gpm. per sq.ft. 

was arbitrarily set at 100 per cent. This 
is an average curve. 


crease of hydraulic resistance of a filter 
per cubic foot of water filtered through 
a square foot of filter area at a constant 
filtration rate. 

Since the department’s experimental 
data indicated that for a given filtering 
medium the optimum body-feed dose 
is closely related to water quality, 
which in turn affects the rate of in- 
crease of hydraulic resistance of the 
filter, it seemed logical to assume that 
the filtrability index could be used as 
a short-cut for predicting optimum 
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body-feed doses. To verify this hy- 
pothesis, a number of optimum body- 
feed values, obtained by the “sag- 
curve” method shown in Fig. 9, were 
plotted against the corresponding val- 
ues of “/” computed by Eq. 2. The 
results, shown graphically in Fig. 13, 
indicate the close relationship between 
these two values. The rapidity and 
ease in which the value of “J” can be 
determined experimentally are decided 
advantages in favor of the filtrability 
index method of predicting body-feed 
requirements. 

A somewhat looser, although none- 
theless useful, relationship was also 
noted between the filtrability index and 
the total amount of filter-aid required 
per unit volume of water treated, as 
shown in Fig. 14. 


Filter Element Studies 


Although in diatomite filtration the 
actual clarification of water is accom- 
plished by the filter-aid, the effective- 
ness of the process is in no small way 
dependent upon the type and design of 
the filter elements. These elements 
are the supporting members for the 
filter-aid, acting in this respect in much 
the same manner as the gravel layers 
and the underdrain system of a sand 
filter. Experiments have been per- 
formed using elements with septa made 
of: four types of porous stone; one 
type of plastic material; one type of 
Monel * wire; two types of stainless 
steel bands; five types of Monel, or 
stainless steel cloth or screen. A sep- 
tum made with specially perforated 
plate, another of nylon filter cloth and 
a porous stainless steel septum have 
also been tried. These filter element 
septa have been rated on their ability to 
hold the various sizes of filter-aid, time 


*A product of the International Nickel 
Co., New York. 
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required to precoat, initial head loss, 
rate of clogging, effectiveness of back- 
wash and vulnerability to corrosion 
and deterioration. 

The size of the openings in the filter 
elements under study varied from 25 to 
250». In general, it was noted that 
the filter elements having the largest 
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tion of small amounts of wood pulp 
products to the diatomite slurry has 
been found advantageous in precoating 
the 250» material. 

Conversely, the filter elements hav- 
ing the smallest openings precoat most 
quickly and easily but have a higher 
initial head loss, backwash less effi- 
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Fig. 13. Correlation of Turbidity and Filtrability Index With Optimum Body Feed 


The lack of correlation between raw water turbidity and optimum body-feed dose is 


The other graph shows the much closer rela- 


tionship noted between the filtrability index and optimum body feed. Both were 
plotted from the same sets of filter run data obtained under a wide variety in water 
quality conditions for a year. 


openings were found to require longer 
time to precoat. The difference in 
precoat time for openings up to 160,, 
however, does not vary appreciably. 
At recirculating rates of 2 gpm. per 
sq.ft., the filter element with the 250, 
openings was precoated in from 6 to 
10 minutes, whereas the 160 size was 
always precoated in 3 minutes or less 
for the same precoat rate. The addi- 


ciently, are difficult to clean and tend 
to clog. 

The shape and type of filter element 
opening and the design of filter element 
have been found to have a great effect 
on the initial head loss, rate of clogging 
and backwash efficiency (Fig. 15). 

Most of the clogging in properly pre- 
coated filter elements seems to be 
caused by the finer particles in the pre- 
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coat. The clogging is also more notice- 
able in element septa having consider- 
able thickness and thereby presenting 
a more intricate path to the flow of 
water. Because of this failing, work 
was concentrated on the study of ele- 
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rior to the wire cloth and screen metal- 
lic elements in these experiments. 
Although the use of “double-wall” 
elements theoretically provides addi- 
tional filter area for a given size of 
filter shell, their performance did not 
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Fig. 14. Correlation of Turbidity and Filtrability Index With 
Total Filter-Aid Requirements 


The usefulness of the filtrability index and raw water turbidity determinations are 
compared for the prediction of total filter-aid requirements. The filtering media and 
precoat dose remain constant. 


ments made up of thin metallic 
materials. 

There is a limit to the size of open- 
ing that diatomite can bridge, but the 
largest opening capable of retaining the 
filter-aid should be used in order to 
minimize head losses and the effects of 
clogging. Smooth, clear openings on 
thin metallic plates were found supe- 


come up to expectations as a result of 
their tendency to clog in the lower por- 
tion. This clogging was due to in- 
ability to backwash properly because 
of the manner in which these elements 
are constructed. 

The results of the experiments de- 
signed to obtain information on the 
maximum permissible length of filter 
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element indicate that, with the proper 
precoat dose, it is possible to use 
“single-wall” elements up to 48 in. 
long without much difficulty, and well 
designed elements even as long as 60 
in. could be used. An important factor 
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Filtratior. Rate— gpm./sq.ft 
Fig. 15. Effect of Filtration Rate on 
Initial Head Loss of Filter Elements 


Filter elements can be compared by ob- 
serving the initial head loss of each ele- 
ment for various filtration rates. These 
relations are shown for several filter ele- 
ments. The head loss indicated includes 
the total loss through the element and a 
precoat membrane consisting of 0.5 oz. 
of filter-aid per sq.ft. of filter area. 
The key to the curves follows: 
Size of Openings 
Type of Element in. 


A—48-in. double-wall Monel screen. 0.0064 
B—30-in. double-wall Monel screen . 
C—60-in. stainless steel band 

D—Poro-stone medium 

E—30-in. Monel screen 

F— 36-in. perforated tube 

G—30-in. square mesh screen 


for the successful precoating of long 
elements is to introduce the precoat 
powder in two or more stages. 


Backwash Water Requirements 


As with conventional filters, treated 
water should be used for backwashing 
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Fig. 16. Effect of Activated Carbon 
Admixtures on Filter Yield 


The effect of activated carbon admixtures 
on filter yield is shown by plotting the 
yield for the filter run using carbon, as 
a percentage of a similar run without car- 
bon. All runs were made using the same 
filtration rate, type and amount of filter- 
aid. The differences in yield for the 
same type of carbon were due to the dif- 
ferences in the quality of raw water fil- 
tered at the time the experiments were 
made. The precoat consisted of 0.5 oz. 
of Celite No. 545 per sq.ft.; the body feed 
was 3 ppm. Celite No. 545, the activated 
carbon dose was 3 ppm. and the filtration 
rate was 15 gpm. per sq.ft. 


diatomite filters. The use of raw water 
for backwash is not only objectionable 
because it permits untreated water to 
enter the filtered water collecting sys- 
tem, but also because it contributes to 
the clogging of filter elements. 

It was concluded that, for most of 
the elements studied, backwashing for 
15 seconds at a rate of 20 gpm. per 
sq.ft. is sufficient for effective cleaning 
of the filters. On typical runs this in- 
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dicates a backwash water requirement 
of from 1 to 2 per cent of the water 
treated. It is quite possible that with 
more efficiently designed filter elements 
the backwash water requirements can 
be reduced to less than 1 per cent of 
the volume of treated water. About 
three-fourths of the used backwash 
water can be reclaimed by sedimenta- 
tion, the clarified effluent being pumped 
into the reservoir. 


Effect of Activated Carbon 


The possible need for powdered acti- 
vated carbon to remove occasional 
tastes and odors made it necessary to 
investigate the effect of carbon admix- 
tures on the efficiency of the diatomite 
process (Fig. 16). The results of ex- 
periments with several types and 
grades of activated carbon indicate that 
diatomite is capable of retaining any 
of the materials used. The more finely 
divided carbons caused a decrease in 
filter yield, as was to be expected. Yet 
the coarser carbons used (over 90 per 
cent retained on a 100-mesh sieve) 
produced an actual increase in the 
yield. The activated carbon grades 
most commonly used in water treat- 
ment (over 90 per cent passing a 200- 
mesh sieve) caused a 50-60 per cent 
decrease in filter run yield. This loss 
of filter yield, however, can be avoided 
by increasing the body-feed dose from 
1 to 3 times that required for filter- 
ing water without activated carbon 
treatment. 

Inasmuch as the time required for 
water to cross the diatomite filter mem- 
brane is negligible, and contact is an 
important factor in activated carbon 
treatment, it is well to remember that 
for maximum efficiency an adequate 
contact period must be provided before 
the carbon reaches the filter elements. 
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Filter-Aid Reclamation 


There are two problems common to 
both conventional and diatomite filtra- 
tion processes. One is the need of 
transporting water treatment chemicals 
or filter-aid to the plant. The other 
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Fig. 17. Effect of Reclaimed Filter-Aid 
Particle Size on Yield 


The effectiveness of reclaimed filter-aid 

material is shown by plotting filter yield 

against head loss curves for several filter 

runs made with various types of new and 

reclaimed filter-aid, using the same source 
of raw water and filtration rate. 


The key to the curves follows: 

Precoat: 3 os. per sq.ft. Celite No. 503 

A—3.0 ppm. Celite No. 503 (new 

B—3.0 ppm. Celite No. 503 (reclaimed with 2 percent 
chlorine solution) 

C—3.0 ppm. Celite No. 503 (reclaimed wet without 
chemicals) 

D—3.0 ppm. Celite No. 503 yor dry) 

Precoat: } oz. per sq.ft. Celite No. 545 

E—2.9 ppm. Celite No. 545 (new) 

F—3.0 ppm. Celite No. 545 (reclaimed with 2 per cent 
chlorine solution) 

G—3.1 ppm. Celite No. 545 (reclaimed wet without 
chemicals) 


is the need for disposing of the sludge 
produced in the treatment processes. 
With an average total filter-aid re- 
quirement of 100 Ib. per mil.gal., a 100- 
mgd. plant would require 5 tons of 
diatomite and would have to dispose 
of this material in addition to the load 
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of suspended matter taken from the 
raw water every 24 hours. 

Although there is no indication at 
present that the supply of filter-grade 
diatomite is so limited as to justify 
partial reclamation of the used mate- 
rial, recovery of a considerable portion 
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Effect of Reclaimed Filter-Aid 
on Filter Yield 


Fig. 18. 


The relative effectiveness of reclaimed 
filter-aid material when used as precoat 
or body feed is indicated by the curves 
of filter yield plotted against head loss. 
All reclaimed material was saved from a 
previous run and treated with 2 per cent 
by weight of chlorine solution. The 


filter-aid was Celite No. 545. 


The key to the curves follows: 
No. Precoat 
(i os. per sq. ft.) 

1—New 
2—Reclaimed 
3—Third reclaiming None 
4— Reclaimed Reclaimed (3 ppm.) 
5—Reclaimed New (3 ppm.) 
6—New New (3 ppm.) 


Body Feed 


None 
None 


of the filter-aid may become necessary 
in order to minimize the load of sus- 
pended matter discharged into the 
sewers or storm drains. 

In order to determine the best 
method of reclaiming the used diato- 
mite and to test the effectiveness of 
the reused material as filter-aid, a 
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number of experiments are being con- 
ducted using sedimentation and filtra- 
tion as well as wet and dry oxidation 
procedures for the elimination or de- 
struction of the organic matter present 
in the backwash sludge. 

The data on hand indicate that with 
the finer filter-aid, the material re- 
claimed either by wet or dry processes 
does practically as well for body feed 
as new material, while with the coarser 
filter-aid the yield from reclaimed ma- 
terial is less than that obtained with 
new filter-aid (Fig. 17). The use of 
reclaimed filter-aid as body feed ap- 
pears to reduce the yield more than 
when it is used as a precoat (Fig. 18). 
There is no evidence of water quality 
deterioration as a result of treatment 
with reclaimed diatomite. 

A method sometimes advocated for 
reusing filter-aid involves the dropping 
of the used filter-aid by momentarily 
reversing the flow and replacing the 
sludge on the filter elements by the 
normal flow of water at the start of 
the filter run. Although this proce- 
dure has proved fairly effective when 
the practice is limited to one or two 
consecutive reuses, it has the disadvan- 
tage of allowing fine material to pass 
the filter during the first stages of 
filtration. 


Removal of Microorganisms 


The efficiency of diatomite filters for 
the removal of bacteria from swimming 
pool water has been reported to vary 
from zero to 96 per cent at various 
stages in the filter run (2). A similar 
trend has been noted for the coliform 
index. These results are in agree- 
ment with conclusions drawn at the 
experimental plant, where as a rule 
bacteria had been found in the filter 
effluent at the start of the filter runs. 
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The bacterial removal efficiency of di- 
atomite filters, however, improves rap- 
idly when the finer grades of filter aid 
are used, while the head loss through 
the filter membrane increases. For 
the most economical operating condi- 
tions, which involve the use of coarse 
filter-aids and thin precoats, there is 
a tendency for bacterial breakthrough, 
especially at head losses above 10 psi. 
It is obvious then that effective protec- 
tion requires adequate chemical dis- 
infection of the diatomite filter effluent. 

The results of work done by Jones 
and Brady (5), using an experimental 
diatomite filter, indicate that these fil- 


TABLE 1 
Comparative Advantages of Filtration Methods 


Conven- Dia- 
tional tomite 
Space requirements 10 tw 1 
Head loss (for maximum 
utilization of reservoir 


storage) 4.20 
First cost 4 
Chemicals or filter-aid 

Without activated carbon 
With activated carbon 
Personnel and maintenance a 


ters can be depended upon to remove 
the cercariae of Schistosoma mansoni, 
which cause dermatitis (“swimmer’s 
itch”). This is a significant observa- 
tion since cercariae are known to pass 
through sand filters and are resistant 
to chlorine. 


Diatomite and Conventional 
Filtration 


Perhaps a better idea of the possi- 
bilities and limitations of the diatomite 
filtration process as it applies to the 
problems encountered in the Los An- 
geles system can be obtained from Ta- 
ble 1. This table shows the approxi- 
mate ratio of space requirements, head 
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loss and costs of construction, opera- 
tion and maintenance for conventional 
gravity type rapid sand and diatomite 
filters. 

In analyzing the information in the 
table, it must be kept in mind that be- 
cause of the unprecedented filter ca- 
pacities required in the Los Angeles 
projects it has been necessary to make 
certain assumptions in order to arrive 
at the figures for first cost and the cost 
of personnel and maintenance for the 
diatomite filter installation. In gen- 
eral, it appears that diatomite filtration 
offers advantages in space require- 
ments, head losses and first cost, 
whereas conventional filtration is more 
economical in operation when head 
losses do not have to be recovered by 


pumping. 
Summary and Conclusions 


This study on diatomite filtration 
was undertaken for the purpose of de- 
termining the applicability and limita- 
tions of diatomite filters to the solution 
of water treatment problems at loca- 
tions in the Los Angeles distribution 
system where lack of space will prevent 
the use of conventional facilities if ad- 
ditional treatment is deemed necessary 
at some future time. 

In the preceding sections a summary 
has been presented of the work done 
to date on diatomite filter perform- 
ance under wide variations in raw 
water quality ; the applicability of com- 
mercially available mechanical devices 
for the operation ‘of diatomite filter 
units; the performance of commercial 
filter-aids and filter elements; the de- 
termination of limiting head losses and 
of optimum filtration rates, filter-aid 
doses and backwash water require- 
ments; the effect of dissolved and en- 
trained gases on diatomite filter per- 
formance ; the adaptability of diatomite 
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filtration to special processes for the 
removal of tastes and odors; filter-aid 
reclamation; effectiveness of bacterial 
removal; and the estimation of con- 
struction and operating costs of diato- 
mite filter plants. 

The work done indicates that for 
local conditions in Los Angeles the 
diatomite process is capable of produc- 
ing filter effluents comparable in qual- 
ity, from the physical standpoint, to 
those obtained with conventional pro- 
cedures. This result is obtained with- 
out the use of chemicals and therefore 
does not change the chemical balance 
of dissolved substances in the water— 
a decided advantage in the treatment 
of the department’s surface supply. 

The experimental data so far ob- 
tained also indicate that for average 
water quality conditions the total cost 
per unit volume of water treated (ex- 
clusive of pumping) will be very nearly 
the same for diatomite and conven- 
tional filtration. If space is limited 
and pumping is necessary to regain 
head losses, the diatomite process has 
a decided advantage over conventional 
filtration. On the other hand, if the 
water carries relatively large loads of 
suspended matter and requires consid- 
erable treatment with activated carbon 
for taste and odor removal, if there is 
sufficient expendable head for the op- 
eration of a gravity rapid sand filter 
plant without recourse to pumping, and 
if sufficient land is available for the 
construction of the plant, conventional 
filtration appears to have the advantage. 

It is hoped that further work on 
filter-aid reclamation may result in a 
more effective utilization of material 
and in a substantial saving in transpor- 
tation requirements. 

The filtrability index has been found 
to have potentialities for predetermin- 
ing optimum filter-aid requirements. 
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Considerable work must be done to 
improve operating procedures in an ef- 
fort to lengthen filter runs without sac- 
rificing filter effluent quality. Length- 
ening filter runs will not only reduce 
filter-aid costs, it will also increase the 
effectiveness of the diatomite process 
for the treatment of water which con- 
tains taste- and odor-producing sub- 
stances, and therefore requires pow- 
dered activated carbon treatment. 
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By John E. Kiker Jr. 


Professor of Public Health Engineering, 
University of Florida, Gainesville, Fla. 


The foregoing paper is one of the 
most interesting the writer has read in 
many years. It contains a wealth of 
information, and from the viewpoint of 
a potential user of diatomite filters for 
public water supply, the paper is per- 
haps more complete than any of its 
forerunners on this subject. Indeed, 
in their summary and conclusions, the 
authors mentioned studies of at least 
eight different subjects on which com- 
prehensive papers might profitably be 
written. 

If the writer had any criticism of the 
paper at all, it would be for lack of 
details—yet it would have been mani- 
festly impossible to cover any phase 
of the subject in sufficient detail within 
the allotted space or time. The paper 
leaves one with a whetted appetite for 
more of the actual operating data upon 
which the summary and conclusions 
are based. It is hoped that the au- 
thors will be given further opportuni- 
ties to contribute to water works lit- 
erature which is all too meager on 
diatomite filtration. 


Individuality of Application 


One of the most important principles 
brought out in the present paper, by 
implication, at least, is that each mu- 
nicipal supply for which diatomite fil- 
ters are to be considered, should pres- 
ently be regarded as an individual 
problem requiring special study. 

In this connection it will be observed 
that the data in Table 1, on page 492, 
may apply only to the somewhat par- 
ticular situation that prevails at Los 
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Angeles. Head loss through a conven- 
tional rapid sand filter installation is 
represented, for example, to be four 
times the head loss through a diatomite 
filter, if maximum utilization is to be 
made of reservoir storage. Situations 
for which diatomite filters are so pe- 
culiarly adapted will be relatively rare, 
as it is well known that the actual head 
losses through diatomite filters are ap- 
preciably larger than the head losses 
through conventional rapid sand filters. 
It may be added parenthetically that 
we are fortunate in encountering such 
an uncommon situation as the one 
which exists in Los Angeles, because 
it is only through such circumstances 
that the water works profession will 
gather enough information to develop 
rational design criteria for diatomite 
filters within a reasonable time. 

It seems that human nature is in- 
clined to resist changes of almost any 
kind, and it is all to the good when 
we are forced into new developments 
which prove better than the old ones. 
This is not meant to imply that 
diatomite filters have “arrived” for the 
treatment of municipal drinking water 
supplies, or that they will become uni- 
versally accepted for this purpose. 

The writer believes that they have a 
particular value, as for example, in the 
treatment of water for swimming pools 
and for troops in the field—to say 
nothing of their use in industry—but 
he is not yet willing to sell orthodox 
pressure filters short if pumping would 
be required to regain head losses inci- 
dental to the use of gravity filters. 
The space requirements for the usual 
run of pressure filters, however, are 
obviously greater than for diatomite 
filters. 
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Filter-Aid Costs 


A deterrent to the use of diatomite- 
type filters is the present high cost of 
filter-aid. In the example cited by the 
authors, filter-aid costs more than the 
chemicals which would be required at 
a conventional plant. The develop- 
ment of cheaper filter-aids, however, 
should result in more diatomite-type 
filter installations. 

As mentioned by the authors, a rela- 
tively new filter-aid, amorphous alu- 
minum silicate powder, has been placed 
on the market. This material has been 
used with much success at the Univer- 
sity of Florida swimming pool filter 
installation. At present it costs more 


than diatomite, but the price should go 
down as production is increased, and 
its availability should be kept in mind 
if there is ever a shortage of diatomite. 

The availability and use of various 
materials as filter-aids may preclude 


the use of the terms, diatomite filters 
and diatomaceous earth filters, in de- 
scribing installations of the type under 
discussion. That, and for want of a 
better term, is the reason the writer 
would prefer to call them “diatomite- 
type”’ filters. 

Just as the basic paper might have 
been developed to book length, so this 
discussion could be prolonged consid- 
erably. It must be ended, however, 
with much left unsaid—even without 
comment on the lengths of filter runs. 
But no such discussion should be ter- 
minated without making the observa- 
tion that proper operation of diatomite 
filters requires a considerable amount 
of skill. 

One may note also that the authors 
indicated that four people would be 
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required for the operation and mainte- 
nance of diatomite filters for every 
three people employed at a conven- 
tional installation. A great deal of 
progress is nevertheless being made in 
diatomite filter developments, and the 
improvements may be accelerated in 
the future. 

It has fairly recently been found un- 
necessary to disassemble the filters for 
cleaning when the elements become too 
clogged for effective cleaning by ordi- 
nary backwashing. Application to the 
filters of a commercial product consist- 
ing of a mixture of sodium acid sulfate, 
sodium bromide and potassium bro- 
mate has produced excellent results at 
the University of Florida installation. 
Others have reported the successful 
use of a buffered preparation of sodium 
acid sulfate without the addition of any 
bromine compounds. Other improve- 
ments will certainly be found as time 
goes on. 


Filter Elements 


The authors’ comments on the types 
of filter elements are particularly inter- 
esting and it is almost inevitable that 
more information will soon be forth- 
coming on the relative merits of the 
different types of elements. 

Some months ago the manufacturer 
of one type of element offered to re- 
place the existing elements at the Uni- 
versity of Florida swimming pool. In- 
asmuch as the existing elements have 
given satisfactory service it was de- 
cided to accept the new elements for 
one filter only, so that direct compari- 
sons could be made between the two 
types. That was the last heard of the 
offer, although it is hoped that the com- 
parisons may be made later. 
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HE cost of changing utilities in 
state highways, made necessary by 
the construction programs of the vari- 
ous state highway authorities, has be- 
come a matter of major concern to 
water works and other utilities. Often 
the subject of controversy in the past, 
this problem has assumed increasing 
importance as a result of the large vol- 
ume and the nature of the highway 
construction that has taken place since 
World War II. 

Extensive highway widening and re- 
surfacing activities, improvement of 
the alignment and grade of highways 
to conform with modern traffic require- 
ments, reconstruction of highways to 
withstand the heavy truck loads of to- 
day and the current, widespread super- 
highway and city bypass programs of 
the various state highway departments 
are the activities which frequently ne- 
cessitate changes in water mains and 
appurtenant structures as well as in 
other utility works. The extent and 
nature of the changes involved add an 
additional burden to present high op- 
erational costs. In addition, many 
water utilities have for years past been 
operating at entirely inadequate rates, 
and they are or have been confronted 
with the necessity of increasing their 
charges. These factors combine to 
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make the allocation of the cost of 
changing their utility structures in 
state highways a matter of serious 
moment to the water utilities. 


Questionnaire Circulated 


In order to find out what allocation 
was being made of the costs of chang- 
ing utilities necessitated by highway 
projects, the following questionnaire 
was sent to the attorney general of 
every state and to the Public Roads 
Administration : 


1. Does the state highway department 
or the utility pay for the relocation 
of or change in the utility’s struc- 
tures in state highways necessitated 
by the activities of the state highway 
department ? 

2. If the answer is to the effect that the 
utility pays for the changes, what is 
the general legal basis for it? 

3. If the answer is to the effect that the 
state highway department pays for 
the changes, what is the general legal 
basis for it? 

4. If, after consideration of existing 
conditions, it is generally felt by the 
people or the proper authorities that 
the procedure given in Answer 1 is 
unfair or inequitable, how can it le- 
gally be changed? 

5. Does Answer 1 apply to both publicly 
owned and privately owned utilities? 

6. If Answer 5 is negative, why? 
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7. Does Answer 1 apply to all types of 
utilities, such as water, sewer, gas, 
liquid fuel lines, electric power, com- 
munications, etc. ? 

. If Answer 7 is negative, why? 

. What are the exceptions to Answer 
1? 

. What is the legal basis for any 
exceptions ? 


Excellent Return 


It is proper to acknowledge that the 
offices of the various attorneys general 
were most cooperative. Thirty-two 
sent in the information requested, or 
referred the inquiry to another state 
agency for reply, which was forth- 
coming without exception. Seven at- 
torneys general personally transmitted 
the information, and several states ad- 
vised that they were prohibited by law 
from furnishing such information. 

The majority of the replies were ac- 
companied by comments, often exten- 
sive, and sometimes even copies of 
relevant state laws or court opinions 
were furnished. 

Occasionally the initial reply neces- 
sitated further correspondence, and the 
additional information requested was 
always furnished promptly and com- 
pletely. The information about prac- 
tice in the various states is thus factual, 
and sufficiently extensive to provide a 
good picture of the national situation. 


Costs Borne by Utilities 


The replies show that in the great 
majority of the states the utilities are 
required to bear the cost of changing 
structures, which were originally lo- 
cated within the state highway right- 
of-way, as a result of the state highway 


department’s operations. The usual 
reason given for this arrangement is 
that the utility’s right is subordinate to 
public use of the highway for travel. 
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The reasoning is expressed by statute 
in some states, and in others by deci- 
sions of courts of law or attorneys gen- 
eral. The following statement by a 
former attorney general of Pennsyl- 
vania illustrates this concept well: 


. . . But further, not only does the State 
own the highways and have paramount 
authority as to their use, but, as parens 
patriae, her police power is supreme over 
the same. This power is based upon the 
maxim: Salus populi suprema lex, and 
extends, inter alia, to the promotion and 
protection of the public safety, conven- 
ience and general welfare of the people. 
All rights, franchises and property are 
held subject to its valid exercise. It can- 
not be contracted, bargained or charter- 
granted away by the State, nor has it 
ever been surrendered or transferred to 
the National Government. It is an in- 
alienable and indefeasible power of the 
people of the Commonwealth. The pres- 
ent Constitution, in Section 3, Article 
XVI, declares: 

“The exercise of the police power of 
the state shall never be abridged or so 
construed as to permit corporations to 
conduct their business in such manner as 
to infringe the equal rights of individuals 
or the general well-being of the State.” 

But this constitutional provision is 
largely declaratory. It expresses a basic 
governmental principle. .. . 

It results from what has been said that 
any franchise or privilege granted to lay 
gas pipes, water pipes or other structures 
in the surface or subsoil of any of the 
State’s highways, was, at the time of the 
grant, is now, and at all times will be, 
subject to the State’s exercise of her 
police power. This police power is a 
continuing power. Hence the grantees 
of such franchises have no vested rights 
or continuous easements in respect to the 
location or use of such structures, but 
such easements are subject always to the 
superior right of the State to require a 
change in the location, or in the mode 
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and manner of the enjoyment of the ease- 
ment or privilege, at any time, as changed 
circumstances or conditions may make 
necessary or proper, in the interest of the 
public safety, convenience or general wel- 
fare. Scranton Gas & Water Co. v. 
Scranton, 214 Pa. 586 (1906)... . 

And these cases further establish that 
any resulting injury to the grantees’ 
property, or expenses incurred, or loss or 
damage suffered, in consequence of this 
exercise of the reserved police power, is 
a damnum absque injuria; and is not a 
violation of either the Federal or State 
constitutional guarantee against depriva- 
tion of property without due process of 
law, nor a taking of private property for 
public use without just compensation. 

And this ruling of the courts is equally 
applicable, whether the police power is 
exerted to promote the public health or 
safety, or the public convenience, or gen- 
eral welfare. (Chicago, etc. R. R. Co. v. 
People of Iil., 200 U. S. 561 (1905); 
Scranton Gas & Water Co. v. Scranton, 
214 Pa. 586 (1906) ). 

In the latter case the court held that: 

“The easement which a gas or water 
company has in the streets of a munici- 
pality, is subject to the superior right of 
the public both in the surface and the 
soil beneath the surface. 

“Where a city changes the grade of a 
street in order to do away with a railroad 
grade crossing, and a gas and water com- 
pany is obliged to move its pipes from 
the street by reason of the change of 
grade, the company can recover no dam- 
ages from the city for the injuries 
sustained.” 


Exceptions 


That some states take exceptions to 
the above legal philosophy was indi- 
cated by the replies received from Cali- 
fornia, Delaware, New Jersey and New 
York. In California the state pays 
utility relocation costs in freeways and 
in cities if the utility was installed be- 
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fore the state took over the street. In 
Delaware the expense of relocating or 
changing utilities as a result of the con- 
truction or reconstruction of state high- 
ways through incorporated towns is 
borne by the highway department, if 
the utilities are municipally owned. It 
is principally in these towns, of course, 
that utilities have to be relocated. 

In New Jersey the state highway de- 
partment in general pays for the cost 
of utility changes when there is : 


1. A grade separation or a highway 
vacation. 

2. A radical change in grade necessi- 
tating a change in public utility struc- 
tures. 

3. A change requiring a longer over- 
head span for the public utility struc- 
tures than is practicable (for the dif- 
ference in cost between that of over- 
head and underground conduits). 


In New York the expense of re- 
moval, relocation, replacement and re- 
construction of water mains, sewer 
pipes and other facilities owned by any 
municipality and maintained for public 
use may be a proper charge against 
state highway funds. Also in New 
York the expense of relocating tele- 
phone and telegraph wires, power, 
transmission and gas, oil and water 
lines, conduits, cables of every kind 
in suitable facilities to be installed un- 
der, over and across any state through- 
way is deemed part of the cost of the 
throughway. 

It is to be noted that California, New 
Jersey and New York apparently rec- 
ognize that the development of high- 
ways to meet the needs of our modern 
civilization requires a somewhat dif- 
ferent conception from that of “The 
King’s Highway” or “El Camino 
Real.” 
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The cost of the relocation of publicly 
owned water mains and sewers in both 
New York and Oklahoma is a state ob- 
ligation when necessitated by highway 
changes, as it is with sewers in Kansas 
and sewers and certain other non- 
revenue producing utilities in Cali- 
fornia. 


General Responsibilities 


The great majority of the replies 
indicated that if the state highway de- 
partment required the relocation of a 
utility structure which was in a private 
right-of-way previously acquired by 
the utility, the cost of such relocation 
was at the state’s expense. This is the 
general result of constitutional provi- 
sions requiring that owners be duly 
compensated for property taken by the 
state. 

Some of the replies simply stated that 
the cost of relocating utilities as a re- 
sult of highway changes in their state 
was the obligation of the utility. 

Time has not permitted complete 
examination of all cost responsibilities. 
Article V of the Bill of Rights, which 
states, “nor shall private property be 
taken for public use without just com- 
pensation .. .” would seem to pre- 
clude arbitrary governmental expropri- 
ation of utilities. It may therefore be 
suggested that the practice throughout 
the country is for the states to com- 
pensate utilities for changes necessitated 
by state highway projects in structures 
which were previously located in a pri- 
vately acquired right-of-way. 


Possibility of Revisions 


In answer to the question asking 
how the present procedure of alloca- 
tion of the cost of making utility 
changes could be revised, the majority 
of replies indicated that legislative ac- 
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tion would be needed. Apparently 
constitutional changes would also be 
required in some states. Ten states 
simply replied, in effect, that no re- 
medial action was required. It should, 
nevertheless, be noted that, at this 
writing, measures to amend the cur- 
rent procedure are being considered by 
the legislatures of at least four states 
and probably more. (In Maryland, 
such legislation recently passed the 
House of Delegates but died in the 
Finance Committee of the Senate.) 

The replies indicate that the same 
procedure is generally followed 
throughout the country to pay for 
changing structures as a result of 
highway work, with both publicly and 
privately owned utilities. The previ- 
ously mentioned practice with publicly 
owned systems in Delaware, New 
York and Oklahoma is an exception. 
In New Jersey there are many provi- 
sions in the law applying only to pub- 
licly owned utilities, and to the powers 
of municipalities over privately owned 
public utilities within their borders. 
In New Hampshire, railroads appar- 
ently have been the only type of utility 
affected by this problem. 


Equal Application 


The replies also showed that the 
payment procedure for utility changes 
is generally the same for all kinds of 
utilities, with the exception of those 
previously mentioned. It is of interest 
to note that telephone, telegraph, power 
poles and similar instrumentalities have 
a statutory right in the state highways 
in Oregon, whereas water mains, gas 
mains and similar facilities can be in- 
stalled only by permission of the high- 
way agency. (Just the opposite policy 
for the installation of structures exists 
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in Maryland in the Washington Subur- 
ban Sanitary District.) 

Once the water or other lines are 
installed in the Oregon highways, how- 
ever, the water utility seems to fare as 
well, or rather as badiy, as the pole 
line utilities because both have to pay 
for the cost of changes to be made to 
their respective structures as a result 
of highway construction requirements. 


Utilities Subordinate in Rights 


From the replies to the questionnaire 
and the attendant correspondence it is 
quite plain that, over most of the United 
States, water and other utilities are 
legally regarded as having only a sub- 
ordinate right in the state highways. 
The primary right in the highway is 
considered to be its use by the public 
for travel, and utilities cannot occupy 
the highways in such manner as to in- 
terfere with this purpose ; to do so, it is 
held, “would infringe the equal rights 
of individuals or the general well-being 
of the State.” 

All of the above is apparently sound 
law, but its interpretation should be 
more realistic about the requirements 
of modern civilization. Law is often 
archaic in meeting the current needs of 
the people, and courts are traditionally 
bound by precedent. Life itself, how- 
ever, is continuously changing. Laws 
which govern the lives of men should 
therefore be continuously reexamined 
for adequacy in meeting the needs of 
the people, and not be accepted without 
question simply because they can be 
traced to the edicts of the Medes and 
Persians. 

When travel was established as the 
primary use of the highway, water 
mains, sewers, telephones, telegraph, 
fuel oil lines, power lines and under- 
ground cables of various kinds were al- 
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most or entirely unknown, and conse- 
quently unnecessary to the civilization 
then prevailing. All of them are neces- 
sary in modern living. The most logi- 
cal method of providing the public with 
these facilities is by extending them in 
the public ways which provide indi- 
viduals with access to their respective 
properties. 

As the public, which has the para- 
mount interest, is served by the utili- 
ties as well as by the highway, there is 
no logical reason for discriminating 
against the utility for merely being in 
the highway. Its existence in the high- 
way is actually highly beneficial to the 
public—generally much more so than if 
it were in some other place. The high- 
way is where the utility should usually 
be. It must always be kept in mind 
that the whole public interest must be 
served, not the wishes of an agency of 
the public. 

Equities 

The equities of the utilities and of 
the state which are involved in the pay- 
ment for changes in utilities in state 
highways also deserve consideration. 
Only changes in water mains will be 
discussed, as they are the primary in- 
terest of water works men. As an ex- 
ample, it may be assumed that the state 
highway commission decides of its own 
volition that a certain roadway in which 
is located a water main (or other utili- 
ties) should be improved by widening 
and straightening and by improving 
the grade. Such a project involves 
considerable relocation and lowering 
of the mains and services of the water 
utility, and, therefore, considerable ex- 
pense. Neither the water utility nor 
the public, however, has benefited from 
improved utility service. Maintenance 
costs, reflected in rates, have, in fact, 
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probably been increased. Why then 
should the utility or its customers pay 
for the cost of something from which 
they derive no benefit? The change 
was made at the direction of the high- 
way agency so that it (the highway 
agency) could improve its service to 
the public. 

If a water utility desires or is re- 
quired to improve its service to the pub- 
lic by constructing a larger main, there 
is no question but that it should do so 
at its own expense. If in building the 
new main, other utilities or obstruc- 
tions are encountered and extra ex- 
penses involved in crossing or changing 
them, this expense is considered part 
of the cost of constructing the new 
main and paid for by the water com- 
pany. The owner of the interfering 
structure, if legally installed, should 
not be asked to pay for the change, as 
the water utility is asked by the high- 
way people. 

A public service is being improved 
and it is proper that the service which 
is being improved should bear the en- 
tire cost. Each agency can equitably 
charge the cost of the improvement to 
the persons benefited—the water utility 
in rates and the highway utility in 
taxes. The “highest use” of the high- 
way has nothing to do with it. The 
public needs all uses of the highway. 
Failure to recognize this fact is un- 
realistic and is detrimental to the pub- 
lic interest. 

What is the effect on public interest, 
which is the sine qua non, when a pub- 
licly owned water utility is required to 
pay for the cost of changing its struc- 
tures as a result of a state highway 
project? The people served by the 
water utility pay, in their water bills 
or in local taxes, for the changes which 
the highway project forcea the water 
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department to make in its system. 
But that is not all. They must also pay 
their prorated shares as citizens of 
the state for the highway improvement 
itself. They are therefore doubly 
taxed. It is certainly not equitable to 
saddle a single community with the en- 
tire cost of a special part of a project 
of general benefit and then require 
that community to pay its proportion- 
ate share of the remainder of the proj- 
ect cost as well. 

It appears to be evident that neither 
equity nor the public interest is served 
when a utility is required to change its 
legally located structures at its own 
expense as a result of changes required 
by a state highway project. The only 
justification is the doctrine that the 
state has a primary interest in the high- 
way. But who is the state but its 
people? How then can a procedure 


which is not in the best interest of the 
people be justified? That, however, is 


what is happening, on the basis of 
damnum absque injuria—damage with- 
out injury. Law doesn’t always make 
good sense. 


Questionnaire 

In order to determine what water 
works men think about this situation 
the following questionnaire was sent 
to a number of water works men 
throughout the country: 


1. Who pays for changes to water utili- 
ties necessitated by the state highway de- 
partment’s operations? (Check items 
which apply.) 
a. The state highway department 
b. The utility 
c. Or both 
2. Are you in agreement with the present 
system of payment? 
3. If your answer to Question 2 is No, 
what changes would you suggest ? 
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4. Does Answer 1 apply to all types of 
utilities, such as sewers, gas, liquid fuel 
lines, electric power, communications, 
etc. ? 

5. Whom would you suggest be ques- 
tioned to ascertain the approximate an- 
nual cost of the changes in all utilities 
necessitated by state highway operations 
in your ‘state? Please give name and 
address. 


Replies 


Of the 40 replies received, 13 fa- 
vored the utility footing the bill for 
changes in its structures, 10 favored the 
sharing of the costs, and 17 thought 
that the state should pay it. 

The comments of those objecting to 
putting the cost of utility changes on 
the utility indicated quite clearly that 
they had either given more thought to 
the inequities of the prevailing method 
of allocating the cost of utility changes 
as a result of highway operations or 
that they had been hurt more by it. 
The general tenor of the comments of 
those objecting to the prevailing prac- 
tice was that the agency responsible 
for the project which necessitated the 
utility changes should pay for them, 
as they were part of the cost of the 
project. 

Those who favored the principle that 
the utility should pay for the changes 
generally gave no reasons or held to 
the primary right principle. This re- 
action, however, is understandable. 
Persons objecting to a condition al- 
ways have more to say on the subject 
that those who are satisfied with it. 

The answers to the last question of 
the second questionnaire furnished little 
information. Of those replying, 24 
suggested that state highway officials 
be asked for the desired information 
about the cost of utility changes in 
connection with state highway projects. 
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Spot inquiries were accordingly made 
at the suggested sources, but the re- 
plies received pertained apparently to 
h'ghway department expenditures only. 
Some thought the information would 
have to be assembled by the utilities 
themselves; others thought the infor- 
mation was not available; the rest did 
not answer the question. 


Other Studies 


While the inquiry indicated that the 
national cost of utility changes is not 
now available, the Maine Water Utili-. 
ties Association sent out to the man- 
agers of water utilities in that state 
an inquiry on “Construction Costs 
Caused by State Highway Construc- 
tion.” The summary of the replies re- 
ceived by February 17, 1951, showed 
an expenditure by those answering of 
$105,871.96 for the years 1947-1950, 
inclusive. 

Information was received that the 
city of Providence, R.I., spent more 
than $90,000 last year for changes in 
water appurtenances necessitated by 
highway improvements. 

In an attempt to find out the extent 
of the problem in Maryland, the princi- 
pal communities were asked what it 
cost them to change their water works 
structures as a result of operations of 
the State Roads Commission. Again 
the answers were not complete, but 
some interesting figures were given: 


1. Hagerstown: One project, $57,- 
856.71. 
2. Anne Arundel County Sanitary 


Commission: Recently, $5,500; with an 
additional $21,587 estimated at another 
locality. 

3. Oakland: One project, $1,138.99. 
(In addition $6,000 was spent to carry 
water away from state road catch basins. ) 

4. Frederick: One project, $5,000. 
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5. Washington Suburban Sanitary Dis- 
trict: $55,000 in the past three years. 
Two additional projects involving an 
estimated total expenditure for utility 
changes of $42,110 are now under con- 
struction. An extensive future highway 
program in the area will greatly increase 
the above amounts. 

This information is of course very 
meager, and it is from only a limited 
section of the country. The aggregate 
cost for the country is probably as- 
tounding. 


Summary 

The situation that has been indicated 
by the current available data may be 
summarized by listing some outstand- 
ing facts: 

1. Payment of the cost of changing 
utility structures on highway projects 
is exacted from the utility in the large 
majority of the states, on the grounds 
that the utility has an inferior right in 
the highway. There are, however, 
notable exceptions to this procedure. 

2. It is apparently the practice, al- 
most everywhere in the country, that 
if the utility acquired the right-of-way 
before the highway agency, the cost of 
changing the utility structures is the 
obligation of the state on the constitu- 
tional grounds that private property 
cannot be taken by the public without 
due compensation. 

3. Legislation or constitutional re- 
visions will generally be required to 
change the present practice of allocat- 
ing the costs of changing utility struc- 
tures on highway projects. 

4. The practice generally is the same 
for all utilities, both publicly and pri- 
vately owned. 

5. There are numerous water works 
men, although not necessarily a ma- 
jority, that take serious exception to 
the general practice followed in pay- 
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ing for utility changes in highways, 
and who feel that something should be 
done about it. 

6. The exact cost to the water works 
industry of making these utility changes 
is not known, but it obviously is very 
substantial. 


Suggested Practices 


It is felt that certain recommenda- 
tions might well be offered : 

1. Each water works executive 
should give careful consideration to 
the problem, from the standpoint of 
both general considerations and the 
particular needs of his own utility. 

2. Executives of all other types of 
utilities should act similarly. 

3. The problem should be ap- 
proached from the standpoint of what 
is right and equitable, keeping always 
in mind that the interest of the public 
is paramount. The idea of “The 
King’s Highway,” or travel as the 
highest use of the highway, should be 
dissociated from any odor of sanctity, 
even if it is stipulated by the state con- 
stitution. Constitutions were written 
so that they might be changed if it was 
in the interest of the public to do so. 

4. If, after examination, the conclu- 
sion is reached that the present prac- 
tice in a state for payment of the costs 
of changing utility structures in state 
highways is not equitable to the utility, 
facts and figures should be assembled 
to substantiate the reasoning and to 
show the magnitude of the problem to 
the community. 

5. All available means to present the 
facts to the people who are served 
should be used—dodgers in utility bills, 
press articles, radio and television chats, 
talks before civic, service and business 
organizations. Organized groups 
should be encouraged to take positive 
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action in support of the position of the 
utilities. 

6. This support should be organized 
in each community so that the endorse- 
ment of the local governmental authori- 
ties is obtained. If legislative action is 
required the representatives must be 
convinced of the soundness of endorsed 
policy and of the fact that the people 
wish it to be effected. 

7. Utilities in each state should co- 
operate with one another to introduce 
legislation, properly drafted, to bring 
about the necessary changes in the laws 
or revisions of state constitutions. 
Water utility executives should fight 
for the passage of the legislation and 
see that their colleagues throughout 
the state do the same. They should 
make certain that the bill does not die 
in committee. A common way to kill 
legislation is to keep it from the floor 
of the body where it can be debated in 
democratic fashion. Debates may not 
convince legislators, but they do let the 
public know the position of the indi- 
vidual legislators on the matter. 

8. It should be made certain that 
the governor is convinced of the merit 
of the legislation and signs it. 
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Action by A.W.W.A. 


Actions which the A.W.W.A. could 
take to remedy this situation might in- 
clude : 


1. Organizing a special committee 
to make a comprehensive survey of the 
problem. 

2. Instructing this committee to en- 
list the interest and cooperation of 
other utility associations. 

3. Instructing the committee to 
work particularly on assembling fac- 
tual data on the cost of utility changes 
in each state, so that this information 
can be passed on by the local utilities 
to the proper authorities for an under- 
standing of the magnitude of the 
problem. 

4. Instructing the public relations 
staff to prepare factual information on 
the subject in a form that will interest 
and can be readily disseminated to the 
public. 


By working individually and col- 
lectively, this outmoded incubus upon 
utilities and the public which they serve 


can be overcome. The result will be 
greatly in the public interest. 
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Civil Defense in the Water Works Industry 
By John S. Longwell 


A paper presented on May 4, 1951, at the Annual Conference, Miami, 
by John S. Longwell, Cons. Engr., Piedmont, Calif. 


ot te IL defense is a subject of para- 
mount importance to all water 
utilities. 

In any major catastrophe, such as 
may be caused by an enemy attack, 
water utilities must play a most impor- 
tant part. 

In view of the present world situa- 
tion, it is therefore timely to consider, 
seriously, the matter of civil defense in 
the water works industry. 

The following phases of this subject 
will be presented : 


1. A brief discussion of the overall 
civil defense picture. 

2. A report covering progress to date 
on civil defense in the water works in- 
dustry, as revealed by the answers to 
the questionnaire sent to all state sani- 
tary engineers by A.W.W.A. 

3. A review of civil defense efforts 
in California which involve the water 
works industry. 


The Civil Defense Program 


Everyone is undoubtedly familiar 
with the publication United States Civil 
Defense (1), released by the National 
Security Resources Board in the latter 
part of 1950. This publication pre- 
sented “a plan for organizing the civil 
defense of the United States.” It is a 
comprehensive statement, presenting a 
good basis for overall civil defense plan- 


ning, and has been followed by most 
states in the development of their re- 
spective plans. 


Federal Level 


At the federal level, the plan pro- 
vides for the establishment of a civil 
defense administration and the appoint- 
ment of an administrator. 

Since this plan was developed, Con- 
gress has enacted iegislation establish- 
ing a federal Civil Defense Administra- 
tion, and the President has appointed 
Millard Caldwell, former Governor of 
Florida, as the Administrator. Re- 
gional offices of this administration are 
now being established throughout the 
United States to further cooperation 
and coordination between the federal 
government and the states in each re- 
gion. The Congress has not as yet 
enacted legislation to provide financial 
assistance to the states for carrying out 
the proposed program. 


State Level 


The plan sets forth a suggested model 
state civil defense organization which 
is to be headed by the governor through 
a director of civil defense. Adminis- 
trative requirements are shown and 
discussed in considerable detail, and 
the need for the various divisions is 
fully set forth in the book. The sug- 
gested organization will of course not 
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be suited to all states, and must be 
modified as required to meet conditions 
as they exist in each state. 

Recommendations are made that all 
states not having the necessary legisla- 
tion to permit establishment of such a 
plan, take immediate steps to enact the 
required statutes. 

Special attention is called to the need 
for having legislation adequate to cover 
mutual aid among cities, counties and 
other public agencies in the state, as 
well as between states. 


Local Level 


United States Civil Defense also sets 
forth in detail a suggested plan for local 
organization of civil defense to apply to 
cities, counties and other public agen- 
cies. Since the big responsibility falls 
upon the individual city or community 
in any disaster, the plan urges immedi- 
ate action in line with the program 
adopted by each of the states. 

The plan also recognizes that com- 
plete operating details must be devel- 
oped by each state and by each city or 
community. 


A.W.W.A. Survey 


To determine what progress had been 
made in the various states and terri- 
tories toward getting the water utility 
aspects of the civil defense program 
under way, the Association prepared 
and sent out a questionnaire to all state 
and territorial sanitary engineers in 
February 1951. 

Replies were received from all 48 
states and from the Territories of 
Alaska and Hawaii. A summary of 
the information submitted follows : 


1. Who is the state director of civil 
defense? 

The results show that 46 states and 
2 territories have appointed directors 
of civil defense. In the two states that 
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have not filled this position, enabling 
legislation is now being considered. 

2. Are you or some one of your staff 
officially a part of the civilian defense 
organization in your state? 

In answer, 39 reported Yes; 5 replied 
No; 1 said that the appointment had 
not yet been made; 5 indicated that 
legislation was pending. 

3. What is the assignment? 


The replies were: 


In charge of environmental sanitation 29 
State water coordinator 
On advisory committees 
Legislation pending 

No assignment 


| 


TOTAL 


4. Is some water works executive an 
official member of the state civil defense 
organization? 

There were 20 Yes responses ; 24 No; 
and the remaining 6 indicated that the 
personnel had not yet been announced, 
or that legislation was still pending. 

These answers show that in only 20 
of 50 states and territories have water 
works executives been appointed to 
the civil defense organizations. This 
seems to be highly inadequate repre- 
sentation for the water works industry. 

Since water supply plays a major 
part in any civil defense program, the 
need for having water utility executives 
take an important part in the program 
should certainly be recognized. It 
would appear that water utilities have 
been somewhat negligent in getting 
proper representation, but perhaps it is 
still not too late to obtain additional 
appointments. 

5. Have you or your water works 
leaders set up a mutual aid program in 
your state? 

Of the 50 replying, 20 reported that 
such a program existed; 15 were with- 
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out it, and an additional 15 mentioned 
that the program was not complete or 
that legislation for it was pending. 

The 15 states and territories in which 
nothing has yet been done toward es- 
tablishing a mutual aid program rep- 
resent 30 per cent of the total. Mutual 
aid is the basic part of any civil de- 
fense program and must be provided 
for if the program is to function prop- 
erly, and if adequate aid is to be fur- 
nished to disaster areas. There has 
not, to date, been a full realization of 
the need for such a program. Whether 
or not there may be enemy bombing 
in any particular state, it may be neces- 
sary to furnish aid to communities in 
adjacent states. It is also essential 
that a program of mutual aid be devel- 
oped to come into play in any extreme 
emergency—fire, flood, earthquake or 
other disaster. Such a plan should be 
in effect in all states, and soon. 

6. Is your state legislature consider- 
ing any action which would authorize 
public officials to loan public property 
—or do they now have such authority? 

Such authority is now possessed by 
18 states and territories; legislation 
granting the authority is now pending 
in 21; and there is no permissive legis- 
lation in 11. 

Assuming that legislation will be 
enacted in all states where it is now 
pending, there will still remain 11 states 
not authorized to loan public property. 
Without such authority, mutual aid 
cannot function. It is therefore urged 
that further consideration be given by 
water utilities, in those states not hav- 
ing this authority, to the passage of 
adequate permissive legislation. 

7. Have you been informed con- 
cerning any orders or advice given by 
civilian defense officials that water 
works should employ special guards, 
build special fences, install protective 
lighting, etc.? 


CIVIL DEFENSE 


507 


Local officials had so advised utili- 
ties in 5 states; in the remaining 45, 
no orders had been received. 

These replies would indicate that 
there has been no definite program set 
up at the federal or state levels advo- 
cating such protective measures. Sabo- 
tage is a matter of primary importance, 
and careful consideration in critical 
areas should definitely be given to se- 
curity features. In line with this pro- 
cedure, it will be advisable to maintain 
close contact with all law enforcement 
agencies and to make a comprehensive 
survey of all personnel in each utility. 

8. Have you heard of any civilian de- 
fense official advising high chlorine 
dosage as a counter-sabotage or pro- 
tective measure? 

There were no affirmative replies. 


Requirements of Water Utilities 


In discussing civil defense planning, 
representatives of water utilities are 
primarily concerned with what steps 
are being taken toward developing a 
program that will enable the utilities 
to provide the best possible water serv- 
ice to the community in a bombing at- 
tack, earthquake, fire, flood or any other 
major disaster. 

Unless the program will be of real 
assistance to the water utilities, it is 
not properly designed, and is not ful- 
filling the purpose for which it was 
intended. It is therefore essential that 
all water utilities take a major interest 
in the program now in the process of 
formation and activation in their com- 
munities and states, to see that the in- 
terests of the water utilities are properly 
provided for and that water works men 
handle water works problems. 


California Civil Defense Plan 
An outline of what has been done in 


California to develop a civil defense 
program appears below. It is not im- 
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plied that the California plan should 
be taken as a model. This outline is 
included merely to indicate some of the 
current thinking, and to show how the 
program is progressing. There are 
many details remaining to be ironed 
out before the plan will be fully work- 
able and activated. 

Disaster Act 

The California Disaster Act of 1945, 
as amended in 1950, is the basis for 
the entire plan. This legislation pro- 
vides for a state disaster council with 
such advisory committees and plan- 
ning boards as may be appointed by the 
governor to develop the plan. The 
act gives the governor full authority 
to adopt the plan, and authority to de- 
clare an “extreme emergency” when, 
in his opinion, the best interest of the 
state or any portion of it, will be served 
by such a declaration. At such a time, 
the governor is in full command and 
has the authority to exercise all police 
power vested in the state by the con- 
stitution. 

In conformity with this act, the state 
Disaster Council through its advisory 
committees and Planning Board has 
developed a state civil defense and dis- 
aster relief plan. This development has 
been proceeding since July 1950, when 
the advisory committees and Planning 
Board were appointed by the governor. 
The various parts of the plan have been 
released as they have been approved. 
The plan is being published in loose- 
leaf form so that the parts or annexes, 
as they are designated, may be in- 
serted in the book. 


Utilities Pian 


The annex that pertains particu- 
larly to the water works industry is 
No. 4c, entitled “Utilities.” It covers 
all water, gas and electric utilities and 
sets forth the plan of procedure for utili- 
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ties in the civil defense program. It 
is now being planned to transfer sew- 
erage systems and sewage disposal 
from engineer services to utilities. 


State Level 


Annex 4c provides in general that 
there shall be, at the state level, a 
chief of the Utilities Division in the 
Office of Civil Defense who reports di- 
rectly to the Director of Civil Defense 
or his deputy, and who coordinates 
the activities of the Utilities Division 
with the Divisions of Transportation, 
Supply, and Engineer Services. The 
chief of the Utilities Division will co- 
ordinate the activities of the water, 
gas and electric industries through an 
operating engineer, selected from each 
of these three utility industries, who 
will integrate each industry operation 
on a state-wide basis. 

At present, the chief of the Utilities 
Division is Robert P. O’Brien, Super- 
vising Engineer in the state Public 
Utilities Commission. 


Utility Policy Committee and System 
Planning Subcommittees 


The utilities annex has been drafted 
by the Utilities Advisory Committee 
assisted by a Utility Policy Committee, 
which is composed of the operating ex- 
ecutives of representative public and 
private water, gas and electric utilities 
throughout the state, and by three 
system planning subcommittees for wa- 
ter, gas and electric utilities, consisting 
of representative operating administra- 
tors in each of these three classes of 
utility operation. 


Chief of Utilities Division 


In a state of extreme emergency, 
members of the Utility Policy Com- 
mittee are on call to serve as chief of 
the Utilities Division, and it is antici- 
pated that the person selected will be the 
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one whose utility system is least af- 
fected by the existing emergency con- 
ditions. 


Operating Engineer 


The state operating engineer for 
water utilities has not as yet been ap- 
pointed, but the chairman of the water 
system planning subcommittee, Sam- 
uel B. Nelson, Assistant Chief Engi- 
neer of Water Works in the Los 
Angeles Department of Water and 
Power, through his subcommittee, is at 
present handling the duties of this 
position. 

In extreme emergency, it is planned 
that all members of the water systems 
planning subcommittee will be on call 
to fill this position. 


Channels of Communication 


As plans are developed, the system 
planning subcommittees will set up 
the channels of communication between 
the state organization and individual 
water departments and water compa- 
nies. They will also ascertain the per- 
sons in authority in the local utility 
organizations who will have been au- 
thorized by their organizations to re- 
ceive instructions from the state Oper- 
ating Engineer and carry out the di- 
rections of the state emergency organi- 
zation. 


Regional Level 


The civil defense and disaster re- 
lief plan provides for dividing the state 
into ten regions as shown on a map 
accompanying the plan. 

In the water works industry, where 
more than one water department or 
water company furnishes water in the 
region, operations will be coordinated 
by the regional representatives with the 
several water departments or water 
companies through a regional operating 
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engineer. If it has not been considered 
necessary or advisable to appoint a 
regional operating engineer, however, 
the coordination will be obtained by the 
regional representative through the 
state operating engineer or directly 
with the representatives of the water 
departments or water companies in- 
volved. Consideration is now being 
given to the selection and appointment 
of operating engineers in the regions. 

Mutual aid requirements and assist- 
ance will be coordinated by the regional 
or state operating engineer with the wa- 
ter utility operating staffs in the area 
or areas affected. 


Local Level 


It is planned that each water utility in- 
volved will have representatives on each 
county and city defense staff. These 
representatives will coordinate city and 
county requirements with local operat- 
ing organizations of the utility or utili- 
ties serving the territory. Such ar- 
rangements have been made in many 
communities. 

Requests for changes in water serv- 
ice arrangements and facilities, because 
of the emergency civil defense pro- 
gram, must be processed through the 
established commercial channels of the 
utility. During emergency periods, 
however, arrangements for such serv- 
ice will be coordinated through the civil 
defense organization functioning in the 
area. 


Mutual Aid 


All water utilities are required under 
the provisions of the California plan 
to maintain detailed records of: 


1. Manpower available, including 
contract crews, by work classification 
and location. 

2. Available materials equipment and 
supplies, by type and location. 
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3. Commercial sources of materials 
and supplies, together with the esti- 
mated potential inventory of such 
sources which may be available for use 
from time to time. 

4. Amount of water which may be 
furnished from one water utility to an- 
other at all points of interconnection. 


Such records shall, upon request, be 
furnished to the chief of the Utilities 
Division. 

Available manpower, materials, 
equipment and supplies shall be dis- 
patched to distressed areas as ordered 
by the chief of the Utilities Division. 

Water shall be furnished from one 
utility to another at points of inter- 
connection as ordered by the chief of 
the Utilities Division. 

Established channels of communica- 
tions to be used in emergency disaster 
operations are being coordinated by 
the civil defense organization, and the 
plan for use of such facilities by water 
utilities will be placed at each state and 
regional headquarters. 


Medical and Health Services 

Division 

The operation of water utilities in 
the California civil defense plan is un- 
der the jurisdiction of the Utilities 
Division, but the Medical and Health 
Services Division will, among its other 
duties, have supervision of health serv- 
ices as they pertain to water supply. 
It will be the duty of this division to 
see that the quality of water furnished 
by the utilities is satisfactory for main- 
taining the health of the community 
served. 

The water departments and water 
companies, through their own staffs 
and laboratories, normally handle all 
matters of quality control under general 
State Department of Public Health 
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supervision, but in periods of extreme 
emergency this arrangement may not 
be practicable. State laboratories may 
have to be utilized and closer state su- 
pervision of quality control may be 
necessary in the interest of the public 
health. 

It may be necessary to put into oper- 
ation wells that have not been used for 
some time, or to take water from other 
emergency sources. It may be neces- 
sary to furnish water by tank truck to 
hospitals, temporary medical stations 
or similar points of use. It will be the 
obligation of Medical and Health Serv- 
ices Division to supervise quality con- 
trol as such situations arise. 

Information will be developed and 
released by this division on biological 
and chemical warfare as it affects the 
water supply. Definite data on these 
subjects are somewhat limited at 
present. 


Liaison Officer 


The program will require close co- 
operation between the Medical and 
Health Services and the Utilities Di- 
visions. To bring this cooperation 
about, the chief of the Medical and 
Health Services Division has appointed 
a full-time employee will supervise the 
sanitary features of the water utilities 
and operate through the staff of the 
Utilities Division. Good progress is 
now being made on this part of the 
program. 


Radiological Services Division 


The civil defense plan has recently 
been amended to establish radiological 
services as a separate division under 
the Director of Civil Defense. Previ- 
ously it was a part of the Medical and 
Health Services Division as proposed 
in the organizational plan formulated 
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by the federal Civil Defense Adminis- 
tration. 

The operation of this division is of 
great interest to the water works in- 
dustry, as a ground or underwater 
burst of an atomic bomb, or an air burst 
during a rainstorm, might result in 
serious contamination of water sup- 
plies as well as injury to personnel. 

Detailed information on radiological 
defense and detection will be made 
available to the water works industry, 
as well as to others, as the state pro- 
gram gets further along and its staff 
is activated. . 

From information currently fur- 
nished, the Radiological Services Di- 
vision plans to provide monitoring per- 
sonnel and equipment, and to take care 
of the radiological detection require- 
ments for the water works industry, 
except possibly for a few of the larger 
departments or districts in the princi- 
pal target areas. It is anticipated that 
these few water utilities will purchase 
and operate their own detection equip- 
ment. Some utilities have already pur- 
chased equipment of this kind and 
others are planning to do so. Monitor- 
ing equipment is available from several 
different firms. 


Status of California Program 


The program for water utilities in 
California is just getting organized 
and is still subject to change. In 
the next few months good progress 
should be made on inventory surveys 
and on the development of definite mu- 
tual aid plans. The other divisions, 
such as Radiological Service, Medical 
and Health Services, Fire Services, 
Engineer Services, and Supply Serv- 
ices, will, it is anticipated, be acti- 
vated and coordinated with the water 
utilities. 
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It is hoped that the next year will 
see the program largely, if not com- 
pletely, activated. 


Participation by A.W.W.A. 


In the development of the California 
plan there were two A.W.W.A. mem- 
bers on the Medical and Health Ad- 
visory Committee, one on the Fire 
Services Advisory Committee and two 
on the Utilities Advisory Committee. 
All of these men were appointed by the 
governor and were or had been con- 
nected with water utilities. In the 
Utilities Division, perhaps twelve other 
water utility executives, all members 
of the A.W.W.A., were appointed on 
special committees for the development 
of the utilities plan in the civil de- 
fense program. 


Water Works Disaster 

Committee 

The California Section of A.W.W.A., 
in August 1950, created a committee 
known as the Water Works Disaster 
Committee as a result of action taken 
by its Executive Committee. 

The California Section of A.W.W.A. 
will assume the responsibility for the 
dissemination to its membership of 
disaster-program information pertinent 
to the water works industry, and will 
endeavor to get this information to the 
industry as a whole. 

The committee has kept in close 
touch with progress made in the de- 
velopment of the state civil defense and 
disaster relief plan and the steps now 
being taken to place it in operation. 
Some of the committee members have 
also been members of the State Medi- 
cal and Health Services, Fire Services 
and Utilities Advisory Committees. 
All of these committees have been ad- 
visory to the State Disaster Council. 
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Since its organization, the Water 
Works Disaster Committee has made 
three reports to the entire section mem- 
bership on progress being made, and 
has assisted in furthering the activation 
of the civil defense plan. It has served 
as a liaison group between the civil 
defense organization and the water 
utilities. 


Recommendations 


It is to be emphasized that responsi- 
ble federal authorities advise that the 
situation is serious, and that no time 
should be lost by water utilities in get- 
ting their houses in order. These au- 


thorities recommend that civil defense 
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programs be activated in all states at 
the earliest possible date. 

Water utility representatives should 
play a most important part in any such 
civil defense program, and in seeing 
that adequate provision is made for the 
proper handling of water utilities in 
times of disaster. It is recommended 
that water utilities adopt the policy 
that water works men should handle 
water works problems. 


Reference 


1. United States Civil Defense. National 
Security Resources Board Doc. 128. 
U.S. Government Printing Office, Wash- 
ington, D.C. (1950). 


Several typographical errors occurred in the paper ‘‘Relative Pipe Rough- 
ness’ by Harry H. Chenoweth and Robert E. Leaver, as published in the 


March 1951 Journal. 


In Fig. 1 (p. 220), which is reproduced correctly below, 


the radical sign was omitted from the expression for the velocities in (A) and 


(C). 


In the figure caption, also, an error appeared in the second equation 


for fe. The second term of the denominator of that equation should have 


De 
been Vz (V;) and not D, (Vj). 


On p. 222, Eq. 5 incorrectly substituted f; for f in both terms preceding 
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The equation should have read: 
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Studies in Local Production of Chlorine 


A Panel Discussion 


A panel discussion presented on May 1, 1951, at the Annual Confer- 


ence, Miami. 


Charles A. Black 


Cons. Engr., Black Labs., Inc., Gaines- 
ville, Fla. 


Although the process of generating 
chlorine by the electrolytic method was 
known in 1800, the first commercial 
production of electrolytic chlorine in 
‘the United States was in Rumford 
Falls, Me., in 1882. Several years 
later the production of chlorine at Ni- 
agara Falls in large quantities was un- 
dertaken because salt and economical 
electric power were abundant there. 

It is interesting to note that the first 
expansion of the chlorine industry fol- 
lowed a typhoid epidemic in Niagara 
Falls in 1912. The largest production 
increase, however, came about when 
the pulp and paper mills began install- 
ing small plants to produce chlorine for 
use as a bleaching agent. By 1930 the 
paper mills were consuming about 47 
per cent of the total chlorine supply, 
with 30 per cent being used for the 
manufacture of chemicals, 14 per cent 
for sanitation and 9 per cent in the 
production of textiles. 


Government Controls 


Between 1935 and 1940, electrolytic 
capacity was more than doubled. 
There was no apparent shortage of 
chlorine following this period until the 
outbreak of World War II, when the 
armament program took large amounts. 
In March 1941 the government added 


chlorine to the already expanding list 
of critical war materials. In June of 
that year the government ordered the 
pulp and paper industry to decrease 
chlorine use by at least 10 per cent. 
By July the Office of Production Man- 
agement began control of the distribu- 
tion of liquid chlorine. 

During the war years the govern- 
ment used approximately one-third of 
the total output in order to satisfy the 
demand created by the manufacture of 
essential chemicals for wartime use. 
The government was unable to obtain 
the necessary amounts so its agencies 
constructed four new plants to con- 
tribute additional capacity. Between 
1941 and 1944 the production of chlo- 
rine increased from approximately 
800,000 to 1,260,000 tons per year. It 
is a well-known fact that during this 
period, even with increased production, 
there was a material shortage of the 
commodity. 


Increased Postwar Needs 


At the end of hostilities it was falsely 
predicted that there would be too much 
chlorine on the market, but instead of 
being cut back, chlorine consumption 
was actually increased. Until recently, 
approximately 6,200 tons of chlorine 
were produced daily in the United 
States, and it has been predicted that 
use in 1951 will exceed 10,000 tons 
per day. 
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Of the total amount of chlorine pro- 
duced, less than 35 per cent is actually 
shipped for consumer use, with only 33 
per cent of the total used for sanitation 
purposes, including both water and 
sewage treatment. Logan (1) states 
that the water and sewage treatment 
demand for chlorine is not sufficient to 
influence materially the decision on the 
quantity and location of additional 
chlorine capacity. 

It has also been noted that the pur- 
chase of containers for liquid chlorine 
has not accelerated as fast as produc- 
tion. And it is apparent that it is not 
profitable for manufacturers of chlorine 
to ship in less than carload lots into 
Florida because of the number of cylin- 
der and ton container filling stations 
now in existence that are owned by 
private concerns. Although the cost 
for liquid chlorine has increased but 
slightly in single-unit tank carload lots, 
fob. works, there has been a great in- 
crease in delivered price for cylinder 
and ton container lots. 


Purchasing Practices 


The majority of water treatment 
plants in Florida utilize chlorine in 
cylinders, although until recently sev- 
eral of the larger towns purchased it 
in multi-unit cars. The present cost 
of chlorine delivered to points in Flor- 
ida is given in Table 1. 


Consumption Forecast 


During the year 1950 the Orlando 
Utilities water plant used 69 tons of 
chlorine and the Orlando city sewage 
plant used approximately 72 tons—a 
total of 141 tons of chlorine, at a cost 
of $21,150. 

It has been estimated by Robert and 
Co., consulting engineers for the Or- 
lando Utilities Commission, that the 
annual water consumption at Orlando 
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will reach 4,500 mil.gal. by 1955. As- 


suming proportionate chlorine con- 
sumption at the sewage treatment 
plant, approximately 205 tons of chlo- 
rine will be required annually by 1955 
at a cost of $32,800, based on current 
prices. 

Realizing the gravity of the present 
situation and responding to pressure 
from the water works industry, in 
January 1951 the National Produc- 
tion Authority issued NPA Order 
M-31. This order guaranteed chlorine 
to all public health users during 1951 


in quantities equal to their 1950 
consumption. 
TABLE 1 
Cost of Chlorine Delivered to Florida 
Price 
¢ per lb. 

Cylinders delivered 12.5-13.5¢ 
Ton containers 8.0—- 9.5¢ 
Single unit cars (18 tons) 

delivered at Miami 4.3¢ 
Ton containers at Orlando 8.0¢ 


Because of the apparent chlorine 
shortage and increase in chlorine cost, 
the Orlando Utilities Commission di- 
rected an investigation to determine 
the feasibility of constructing a small 
chlorine plant to supplement its present 
water and power facilities. 


Chlorine Manufacturing Methods 


Chlorine is manufactured in the 
United States by four types of plant: 


per cent 
Diaphragm cells 84 
Mercury cells 7 
Fused salt cells 8 
Nitric acid process 1 


The trend in commercial plants has 
been toward higher-amperage cells and 
consequently larger plants. The de- 
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posited diaphragm cell similar to the 
Hooker Type “S” has been used 
widely in larger chlorine plants in this 
country, although the trend in Canada 
and other countries has been toward 
mercury cells. Germany has been a 
leader in developing plants employing 
mercury cells for the production of 
chlorine and caustic soda. At the end 
of World War II a committee consist- 
ing of the leading authorities of the 
chlorine-alkali industry therefore in- 
spected the German installations and 
returned with plant designs and opera- 
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much as they were applicable only to 
large installations. 

It was originally planned that the 
caustic and chlorine produced by dia- 
phragm cells would be fed directly into 
the water treatment system without 
previous solution of the chlorine or 
concentration of the caustic. Although 
there would be salt leakage into the 
caustic, the chloride content of the 
treated water would be increased but 
10 ppm. 

The use of a mercury cell was then 
considered, thereby reducing salt con- 


TABLE 2 
Comparison of Production Costs* 


Diaphragm Cell 


Mercury Cell 


Unit Price 


Unit 
Consumption 


Unit 
Cost* 


Unit 
Consumption 


Rock salt, tons 


Graphite, Ib. 
Mercury, lb. 


$17.60 
0.24 
1.15 
0.0075 


1.8 
6.5 


3140.0 


$31.70 
1.56 


93.55 


1.8 
7.0 
0.25 


Power to cells, a-c., kwhr. 
(efficiency 80%) 
Steam, 1,000 Ib.t 0.38 


Cost 


17.2 6.52 _ 


4000 


$63.33 


* Based on simultaneous production of 1 ton of chlorine and 1.12 tons of caustic. 


+t Steam cost based on low-pressure bleed steam 


tional data pertaining to these cells. 
As a result of that survey there has 
been an increase in the number of mer- 
cury cell installations, most of which 
have been large-scale operations. 


Evaluation of Methods 


An extensive investigation was con- 
ducted in order to evaluate the types 
and performance of the various cells 
now on the market which might apply 
to the construction of a small chlorine 
plant in Orlando. A number of the 
available cells were eliminated inas- 


sumption and feeding the gaseous chlo- 
rine plus 50 per cent caustic liquor 
produced, directly into the water treat- 
ment system. At this time the com- 
mission requested that studies be ex- 
tended to determine the economics of 
providing sufficient chlorine for both 
the water and sewage treatment plants. 

As the sewage treatment plant is lo- 
cated approximately eight miles from 
the water facilities, it was apparent that 
chlorine liquefaction would be neces- 
sary. With this added factor to con- 
sider, it was decided that a diaphragm 


ae 
and Power 
Cost* 
| 1.68 
0.38 
+H 
hate ha 
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TABLE 3 
Allen- Moore Cell* Maintenance Costs 


Material for Anode Repair (every 
24 years) 


24 graphite anodes $50.09 
1 concrete top 18.00 
5 lb. putty 0.30 
2 Ib. asbestos wicking 0.49 

Cost $68.88 


Materials for Cathode Repairs (every 
14 years) 


20 lb. asbestos paper $ 4.40 

1 Clp rubber tubing 0.13 
rubber tubing 0.045 
brine connector (rubber) 0.045 

1-3 rubber gaskets for chlorine and 

hydrogen 1.13 

1-2 stoppers on outlets 0.05 

Torat Cost $ 5.80 


Labor Costs for Complete Anode and Two 
Cathode Changes (every 24 years) 


11 man-hours at $0.74 per hour $ 8.14 
Summary of Costs per Cell 
anode materials $68.88 
2 cathode materials 11.60 
labor (cell repair) 8.14 
daily maintenance } hour at $0.74 

per 120 cells for 900 days $ 2.80 


$91.42 


* Actual production of chlorine per cell over period of 
one complete change (900 days). 
900 X 98.27 = 89,500 = 40 long tons 
Cost per ton = 91.53/40 = $2.29 cell maintenance per 
long ton 
= $2.03 cell maintenance per 
short ton 


Cost 


cell with salt recovery would be most 
satisfactory, as the chlorine plant with 
liquefaction facilities could be run con- 
tinuously. The final decision to em- 
ploy the diaphragm cell rested on the 
fact that a number of field investiga- 
tions indicated that these were satisfac- 
tory for small installations. Cost data 
for construction, production and main- 
tenance were also available. To the 
author’s knowledge, no small scale 
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TABLE 4 
Estimated Construction Cost 


Chlorine plant equipment, including 


bulk salt handling facilities $145,800 
Chlorine containers for sewage 
plant 5,100 


Building addition, including piping 


and wiring* 46,700 
Engineering, legal and contingency 
costs * 19,000 


$216,600 


* Building for chlorine facilities but not including 
storage space for water treatment chemicals. 


Tota. Cost 


mercury cell plant is in existence in 
this country, although the Monsanto 
Chemical Co. is constructing a small 
installation using the deNora type cell. 


Cost Analyses 


Table 2 compares production cost 
for a typical diaphragm cell and a mer- 
cury cell. As no small mercury cells 
are known to be in operation, labor 
and maintenance costs could not be 
included. Table 3 indicates typical 


maintenance cell costs taken from ac- 
tual operating data. 


Tables 4 and 


TABLE 5 
Cost of Producing Chlorine and Caustic 
Cost* 
Salt, 1.8 tons at $17.60 $31.70 
Power to cells, 2510 kwhr. 
d-c. or 3030 kwhr. a-c. 
at 0.75¢ 22.80 
Steam, 17,200 Ib. at $0.38 6.52 
Auxiliary power, 
225 kwhr. at 0.75¢ 1.69 
Sulfuric acid, 16 Ib. at 
$5.50 cwt. 1.00 
Maintenance materials and 
labor 2.20 
Labor for operation 18.00 
Tora. Cost, excluding amor- 
tization and depreciation $83.91 
Tota. Cost, per pound 4.195¢ 


* Cost data given are for the simultaneous production 
4 one ton of liquid chlorine and 1.12 tons of caustic 
a. 
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indicate estimated construction and 
probable production costs, respectively, 
for the proposed chlorine plant at 
Orlando. 


Proposed Orlando Plant 


The site for the proposed chlorine 
plant is adjacent to the water treatment 
plant and uses the present chlorine un- 
loading platform and railroad site. 
The housing would consist of an addi- 
tion to the existing chemical house, 
with the same type construction. The 
plant will have a nominal capacity of 1 
ton of chlorine and 1.12 tons of caustic 
soda per day; it will comprise: 


. Storage for bulk salt 
. Salt handling equipment 
Brine purification 
. 24 Allen-Moore diaphragm cells 
Motor-generator set—120-kw. 
Chlorine coolers and dryers 
. Chlorine liquefaction equipment 
. Chlorine storage 
. Equipment for filling ton con- 
tainers 

10. Evaporator for reclaiming salt 
and purifying caustic 

11. Hypochlorite production facili- 
ties 


1 
2 
3. 
4 
5. 
6. 
7 
8 
9 


It was recommended that the com- 
mission employ a superintendent of 
chlorine plant operation in addition to 
the existing staff of skilled and operat- 
ing personnel for the power and water 
plant that would be available for nor- 
mal operation of the chlorine-producing 
facilities. 


Conclusions 


The results of this investigation indi- 
cate that a one-ton-per-day chlorine 
plant can be economically constructed 
in conjunction with the Orlando Utili- 
ties power and water plant using equip- 
ment of thoroughly proved perform- 
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ance. Reliable contractors and manu- 
facturers are available who have con- 
structed similar plants on which opera- 
tional data are available over an ex- 
tended period of time. The investment 
can be amortized over a period of from 
six to ten years, and at the same time 
make available to Orlando the critical 
products which are currently difficult 
to obtain. With the coagulation type 
treatment now employed at the water 
plant, water that is softer by 17 ppm. 
and of superior quality can be produced 
by replacing lime with caustic soda for 
stabilization. 
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The ease with which chlorine may 
be produced by the electrolysis of 
brine, and with which its rate of gen- 
eration can be controlled, may lead to 
the conclusion that after the installa- 
tion of cells and a d-c. power source, 
all one has to do to control the sterili- 
zation of his water supply is to watch 
the ammeters and turn the rheostat 
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control to secure the optimum dose. 
This activity is actually about all that 
is required of the plant operator, but 
the care and maintenance of the cells 
is another matter and has led to the 
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cause of the prevailing high price of 
chlorine—approximately $0.13 per Ib., 
in 150-Ib. cylinders, larger cylinders 
having been unknown or unavailable at 
that time. 


Reinforcing Bar +° 


| 


Fig. 1. Lundelius Cell 


This electrolytic cell operates on 600-amp., 10-25-v. 


preparation of this discussion of local 
chlorine production. 


Provision for Chlorine Generation 


Provision for production of chlorine 
was included in the design of the Sac- 
ramento filtration plant in 1922 be- 


Specifications for the installation 
called for five chlorine generating cells 
of the Allen-Moore, Marsh “Electro- 
Chior,” Nelson or Vorce type. Each 
of these cells was indicated to require 
a normal operating d-c. power of ap- 
proximately 3,5 v., and at normal ca- 
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pacity of 300 amp. was expected to de- 
liver approximately 19 lb. of chlorine 
in 24 hours. 

Marsh cells were installed. Design 
provided for two clear redwood brine 
storage tanks (5 ft. in diameter and 5 
ft. high), a brine pump, salt storage 
bins, brine saturator tanks, rubber 
chlorine pipe, and ejectors and hose for 
chlorine removal and application at the 
point of use. 

For the necessary d-c. power, two 
motor-generator sets were employed, 
each consisting of a 300-amp., 9-18-v., 
separately excited d-c. generator, 
driven by a 10-hp., 3-phase, 60-cycle, 
220-v. induction motor. Each gener- 
ator was provided with two rheostats, 
one for the generator and the other for 
the exciter field control, thus providing 
generator voltage output which was 
accurately and easily controlled. Such 
control is necessary to maintain the full 


rated output of 300 amp. at any power 
from 9 to 18 v. for each generator. 
Three industrial, metal grid resistors 
were provided to control generator 
output when varying numbers of chlo- 
rine generating cells were in the cir- 


cuit. Each of the resistors had a 300- 
amp. capacity and a resistance equal 
to that of a chlorine cell (0.012 ohms). 

All the chlorine-generating equip- 
ment was placed on three levels in the 
head house, but a marble control panel 
24 in. wide by 8&4 in. high was mounted 
at an adjacent end of the filter gallery 
to facilitate control. On this panel 
were mounted three ruby and five 
white frosted flush lamps to indicate 
which of the three resistors and five 
chlorine cells were in operation. Gen- 
erator and exciter rheostats and direct 
current ammeters and voltmeters, to 
indicate current feed and voltage, were 
included on the panel in addition to 
facilities for remote control of the gen- 
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erators and their driving motors. The 
filter operator was expected to be able, 
by proper operation from this panel, to 
control the chlorine output within the 
necessarily very narrow limits. 


Early Operational Problems 


The Sacramento filtration plant went 
into regular and continuous operation 
on February 12, 1924, using some old 
chlorinating devices from the original 
pumping station and cylinders of chlo- 
rine as standby equipment for some 
time. 

The new chlorine production equip- 
ment was put into service shortly after- 
ward and functioned smoothly for some 
time. It was soon apparent, however, 
that trouble would develop with the 
chlorine cells, largely because the space 
between anodes and cathodes was 
being clogged by caustic soda that was 
produced in the electrolytic process. 
This clogging caused inaccuracy in the 
expected chlorine output. 

The check that was made of the 
chlorine residual in the filtered water 
revealed that chlorine output was not 
always directly proportional to the ap- 
plied amperage. The cells deteriorated 
quite rapidly and required expert 
maintenance work by the plant ma- 
chinist and electrician. It was obvious 
that something had to be done to main- 
tain chlorine production on the re- 
quired scale. 

The solution was found by Charles 
Lundelius, who was then in charge of 
the coagulant manufacturing plant, but 
who had formerly worked for an indus- 
trial plant near Niagara Falls. He was 
given permission to design a cell that 
he felt would function more satisfac- 
torily. The cells he designed were 
built at the plant—with the exception 
of the carbon anodes, which were pur- 
chased in stock shapes, and the per- 
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forated steel plates, which were readily 
available. The cast-iron cathode pans 
were cast in a local foundry. 


The Lundelius Cell 


The six new “Lundelius” cells each 
consisted of the following essential 
parts: 

1. A U-shaped concrete block body 
approximately 5 ft. long by 3 ft. high, 
with necessary cored holes and em- 
bedded studs. (It was found desirable 
to make a regular form for these cast- 
ings which could be stored and 
reused. ) 

2. A set of four carbon anodes, each 
made of a 2-in. round carbon rod 
screwed into a rectangular 4-in. carbon 
block, to which were attached four car- 
bon plates of 6X 12x 1-in. size. 
This construction provided an exposed 
exterior carbon anode surface of 8 
sq.ft. for each cell. The carbon plates 
were attached to the 4-in. square car- 
bon blocks with five accurately tapered 
dowel pins, each approximately 5 in. 
long. 

3. Two cathodes, one on each side of 
the cell, consisting of a special cast-iron 
flanged pan, to which was attached, by 
flush, flat-head machine screws, a 
multi-perforated steel plate with perfo- 
rations approximately 4 X 2-in. Over 
this was applied a sheet of asbestos 
paper approximately ;-in. thick to 
slow down passage of brine through 
the cell. Saturated brine was fed auto- 
matically to each cell from a float- 
controlled feed box, in order to flow 
around the anodes, and, as low-voltage 
direct current was applied, the elec- 
trolysis of the saturated brine pro- 
duced chlorine, hydrogen and sodium 
hydroxide. 


Operation of the New Cells 


The new cells were installed out- 
doors, and since they were designed 
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for 600- instead of 300-amp. operation, 
a new 600-amp., 10—25-v., separately 
excited, d-c. generator was purchased 
at a cost of about $1,750. Connections 
were made for parallel operation ci the 
two 300-amp. generators. These cells 
were operated continuously fer more 
than four years. 

Chlorine was removed from the cells 
by hard rubber ejectors through lead 
and rubber conveyors. Hydrogen that 
was generated was allowed to escape 
into the atmosphere and the sodium 
hydroxide produced was drained off to 
a nearby filter. 

It is believed, although without 
proof, that the extreme variation in 
rated output to which the cells were 
subjected may have been one of the 
factors causing the operating difficul- 
ties. It was found that the accumula- 
tion of white caustic soda between the 
carbon anodes and steel and iron cath- 
odes caused partial short circuiting of 
the cells, thereby making it impossible 
to rely upon their rated capacity. 

The high current rating of the cell, 
although spread over 8 sq.ft., caused a 
rather rapid breakdown of the tapered 
carbon pins by which the anode carbon 
plates were mounted on the 4-in. 
square carbon anode blocks. The 2-in. 
round anode carbon feed rods were 
also broken down until a method of 
shielding them with short glass tubes 
was developed. It is believed that a 
redesign of the carbon anodes might 
overcome these troubles, but the dis- 
sociation of the carbon is at best rather 
rapid. 

It was found that the perforated steel 
screens needed rather frequent replace- 
ment, but the cast-iron pans, concrete 
bodies and asbestos-cement cell covers 
gave long and very satisfactory life. 

Observation showed that it was best 
to open up a cell after about 30 days 
of operation, clean out any caustic and 


: 
~ 
|| 
ete 
I 
| 


July 1951 


make any necessary repairs to carbon 
anodes, asbestos filters and steel cath- 
ode plates. This work requires the 
services of a skilled plant machinist 
and electrician plus some common 


labor. 


Costs 


The production of chlorine at the 
Sacramento plant was carried on con- 
tinuously from February 1924 to May 
1930. The average cost of a-c. power 
during this period was 0.882¢ per 
kwhr. Although records on the sub- 
ject are not readily available at present, 
the current consensus is that the chlo- 
rine produced cost between 6¢ and 7¢ 
per Ib. In 1930 it became possible to 


purchase chlorine in 1-ton containers 
at 3¢ per Ib. and haul it almost 60 miles 
to the plant. 

As it was impossible to compete 
with this figure, and, as the mainte- 


nance men were needed for other work, 
the manufacture of chlorine was aban- 
doned. The direct current genera- 
tors and cell forms are still at the 
site, however, and operation could be 
resumed if desired. The present cost 
of purchased chlorine at plant is about 


5.4¢ per Ib. 


Conclusions 


Local production of chlorine and its 
control is relatively simple and re- 
quires inexpensive raw materials. The 
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plant requires special equipment which, 
though built for particular use, is avail- 
able in the general market from estab- 
lished manufacturers. Special cells 
may be designed to meet specific needs 
and built locally. Plant maintenance 
requires permanently available skilled 
and experienced mechanical and elec- 
trical help in addition to common labor, 
since maintenance may be required at 
any time. Emergencies, however, may 
be minimized by frequent inspection 
and repair. 

Individual circumstances, economi- 
cally evaluated, must be the basis for 
determining whether purchased or 
locally produced chlorine is to be used. 
If purchased chlorine is unavailable or 
prohibitive in cost, careful considera- 
tion should be given to local production. 

The cost of locally produced chlorine 
at the Sacramento plant would prob- 
ably be somewhat higher at present 
than the 6¢-7¢ per lb. cited, as mate- 
rial and labor costs have increased. 
Electric power costs in 1950 (0.78¢ per 
kwhr.) are lower than they were 
twenty years ago. 

The preceding discussion has pre- 
sented a more contemporary picture 
that is recommended for careful study. 
Many of the difficulties experienced 
twenty years ago would quite likely 
be overcome by modern cell design, 
supplemented by careful routine 
maintenance. 
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ON exchange—the exchange or re- 
placement of one ion with another— 

is not one of man’s inventions. It ex- 
ists and has long been observed in na- 
ture, enabling vegetation to grow and 
softening water which percolates 
through such natural ion exchangers 
as the thick beds of glauconite-rich 
greensand found in the soil of the 
Coastal Plain Province from Long Is- 
land to Texas. 

The first use of ion exchange for 
water treatment utilized this greensand 
—known commercially as “zeolite’— 
to soften water by base exchange, re- 
placing calcium and magnesium, which 
are weak bases, with sodium, a strong 
base. Since then various modifica- 
tions of the method have been adopted 
for the softening of waters, particularly 
by industries, which have found the 
process of great value to their 
operations. 

This discussion is limited to the ap- 
plication of ion exchange to water 
treatment and does not consider its use 
in the chemical industry. Such water 
treatment processes as hot and cold 
lime-soda softening, softening with 
phosphates and softening with barium 
salts, which also reduce the amount of 
dissolved substances found in water, 
are only briefly referred to for com- 
parative purposes. 

The average industrial raw water is 
approximately 99.98 per cent “pure”; 
the remaining 0.02 per cent (equiva- 
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lent to 200 ppm.) consists of ions dis- 
solved in the water. If not removed, 
these ions may interfere with the use 
of the water in industrial processes or 
for boiler feed. 

Sodium chloride does not produce 
hardness in water and can be deposited 
in a boiler in high concentrations with 
no harmful effect. Calcium carbonate 
and calcium sulfate do cause hardness 
and, if permitted to remain in the wa- 
ter, form scales in boilers and curds 
with soap. They will also degrade cer- 
tain chemical products and interfere 
with dyeing. If the calcium ions can 
be replaced with sodium ions to form 
sodium carbonate and sodium sulfate, 
the troublesome scale-producing ions 
will be removed, and soft water results. 
Such a replacement of the ions of cal- 
cium and magnesium with those of so- 
dium was accomplished in the first 
application of ion exchange. 


Ion-Exchange Units 


An ion-exchange unit consisting of 
a tank closed at both ends is shown in 
Fig. 1. The diffuser or collecting and 
distributing device, located in the bot- 
tom of the tank, may be a plate, as 
shown, or a strainer system with 
header lateral pipes, which include 
strainers of various types or orifices. 

The gravel is graduated in size from 
coarse (1 in. to } in.) down to the 2- 
to }-in. range or smaller. Ion ex- 
change materials are placed on the 
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gravel in depths which are varied to 
give a desired capacity and in sizes 
which depend upon the character of 
the water. The distributor is located 
several inches above the top of the ex- 
changer and consists of perforated 
pipes, in spider form, through which 
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flows downward through the ex- 
changer, out the bottom, up through 
the multiport valve on the outside and 
through the meter to the service. This 
procedure continues without interrup- 
tion until the ability of the exchanger 
to replace ions has been exhausted. 


Fig. 1. Ion-Exchange Unit 


This apparatus is basic to the ion exchange process and does not vary with the ex- 


change material used. 


The same tank is used with only slight variations whether low 


and high capacities or rates, or greensand, zeolite or synthetic, resinous or other ion 
exchange materials are being used. 


the regenerant is uniformly distributed 
over the surface of the exchanger mate- 
rials. Although the distributor is 
sometimes used to collect backwash 
water, it normally serves only to dis- 
tribute the regenerating solution. 

Raw water enters the exchange unit 
through a multiport valve and is con- 
ducted to the top of the tank. It then 


The flow is then stopped and the re- 
generation cycle is started. 

To backwash the unit, the multiport 
valve is adjusted to permit a reversal 
of flow. The water flows upward at a 
velocity sufficient to expand the bed of 
exchanger material, thus loosening the 
grains which may have become packed 
and washing out any suspended matter 
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that may have been deposited in it by 
the inflowing water. The wash water 
then flows out the top through the 
multiport valve to the wash control 
and the sewer. This operation usually 
continues for about ten minutes. 

For regeneration, the multiport 
valve is adjusted to permit water to 
flow out the bottom of the unit through 
the valve and the other wash control. 
The ejector is then started and regen- 
erant is applied through the distrib- 
utor, flowing into the exchanger and 
out the bottom. A pump is often used 
to replace the ejector, but with either 
method a measured amount of regen- 
erant is withdrawn from the solution 
tank and is passed through the ex- 
changer. This operation reverses the 
exchange of ions. Those ions which 
were transferred from the water to the 
exchanger are replaced by ions which 
are dissolved in the regenerant and 
which will be imparted to the water 
during the next cycle. The exchangers 
effect this reverse reaction by using a 
stronger solution of the ion to be ex- 
changed. The concentrations are usu- 
ally 2 to 5 per cent by weight ; the time 
required is generally 8 to 10 minutes, 
with rates of 1} to 2 gpm. per cu-ft. 
of exchanger. Excess regenerant is 
rinsed out by adjusting the multiport 
valve to permit water to flow down- 
ward and out the float control. 
Twenty to thirty minutes usually 
elapse before tests of the rinse dis- 
charge indicate a quality which will 
permit resumption of the normal ion- 
exchange cycle. 

The ion exchange material used does 
not alter the basic construction of the 
exchange shown in Fig. 1. The same 
tank is used, with only slight altera- 
tions, for both low and high capacities 
and rates, whether greensand or ze- 
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olite, or synthetic, resinous or other 
ion exchange materials are used. 
Variations 

A number of variations are possible 
in the collection and distribution ar- 
rangements of the unit. Anthracite 
coal may replace gravel in acid-cycle 
operations. The tank may be lined 
with rubber or constructed of noncor- 
rosive materials, such as stainless steel, 
brass or bronze. It may be a vertical 
tank, as shown, or it may be installed 
horizontally. In the tank shown, the 
multiport valve has replaced valves on 
each line. 

Instead of manual control of the 
various operations, semi-automatic or 
fully automatic operation can be ob- 
tained by using either the multiport 
valve or hydraulic, pneumatic or elec- 
trically operated valves. These may 
be operated by pushing a button, or 
they may function automatically on a 
volume- or time-control basis or on the 
basis of some variant in the quality of 
the effluent, such as pH or conductance. 
Sometimes, in large installations with 
nearly constant rates, the flow is up- 
ward; in such cases, however, there is 
danger of lifting the bed and discharg- 
ing some of the exchanger into the 
service lines. 

The sodium cycle softener (cation 
exchanger) used in the first commer- 
cial exchange of basic ions to soften 
water is shown in Fig. 2. Calcium and 
magnesium ions, comparatively weak 
bases which are responsible for most 
hardness in water, are exchanged for 
sodium ions, a strong base which does 
not cause hardness. The basic tank 
design shown in Fig. 1 has been simpli- 
fied for clarity and the unit is assumed 
to be filled with zeolite. If a hard 
water, similar in composition to that 
shown in Fig. 2, containing cations and 
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anions in solution—the cations includ- 
ing sodium (Na), calcium (Ca) and 
magnesium (Mg); the anions includ- 
ing bicarbonate (HCO,), chloride 
(Cl) and sulfate (SO,)—is passed 
through the cation exchanger tank 
as illustrated, the result will be the 
sodium-cycle softened block. The 
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dium base replaces the weaker calcium 
and magnesium bases. This is known 
as the sodium cycle and may be re- 
peated almost indefinitely, year after 
year. 

With the continued use of ion ex- 
change, the greensand first used as an 
exchanger was supplemented by arti- 


[4 


ep CO, and Air 


Acid Cycle 
Softener 
(Cation 

Exchanger) 


Degasifier 


Degasified 
Water 


Acids 


- 


Fig. 2. Water Softening by Ion Exchange 


The standard procedures for both acid-cycle and sodium-cycle softening are outlined. 
The composition of the original hard water and of the waters softened by each process 
is indicated in the lower blocks. 


weaker basic cations, calcium and mag- 
nesium, are replaced by sodium, mak- 
ing the water soft. When the ex- 
changer’s capacity to remove hardness 
has been exhausted (the breakthrough 
point), it can be regenerated with com- 
mon salt and its ability to soften 
thereby renewed. The stronger so- 


ficially prepared siliceous-sodium alu- 
minum silicate (1924), by sulfonated 
coal and shale (1936), by phenol for- 
maldehyde resins (1940) and by non- 
phenolic styrene base resins (1946). 
Other ion exchange materials will un- 
doubtedly be added to this series in 
the future. 


= 
mais 
Acid Sodium Blended Degasified 
Water Softened Softened Water Water 
s A 


It should be remembered that the 
sodium cycle softens water by ex- 
changing the hardness-producing ions 
of calcium and magnesium for those 
that do not produce hardness, such as 
sodium, but that solids in solution are 
not reduced. 


Acid-Cycle Exchange 


Sulfonated coal, which appeared 
about 1936, was the first commercial 
exchanger which could operate in the 
acid or hydrogen cycle as well as on 
the sodium cycle. In the base ex- 
changers used until that time, regen- 
eration was effected by sodium chlo- 
ride. With the introduction of sul- 
fonated coal, however, an acid could 
be used for regeneration which would 
replace the bases, including sodium, 
with hydrogen and, in addition, par- 
tially remove dissolved solids. The 
acid-cycle softener (cation exchanger ) 
shown in Fig. 2 is assumed to be 
charged with this exchanger, and is 
regenerated with acid; the tank parts 
are protected against acid attack. 

If hard water were passed through a 
unit utilizing the acid cycle, all the cat- 
ions would be exchanged for hydrogen 
(H) as indicated by the acid-cycle 
softened block and the water would 
become not only soft, but acid. The 
bicarbonate (HCO,) would become 
carbonic acid (H,CO,), or CO, in 
solution ; the chloride (Cl) ions would 
become hydrochloric acid (HCl), and 
the sulfate ions (SO,), sulfuric acid 
(H,SO,). As acid water cannot be 
used for boiler feed or other purposes 
without first being neutralized, the feed 
would have to be split and the soft 
water effluents from both the acid and 
sodium cycle units blended. 

The blended soft water block shows 
the result of this process. Sufficient 
sodium-cycle water containing alkalin- 
ity (sodium bicarbonate has been used 
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as an example) has been blended to 
neutralize the acids by converting them 
to sodium chloride (NaCl) and sodium 
sulfate (Na,SO,), leaving some ex- 
cess alkalinity as sodium bicarbonate 
(NaHCO,). 

The hydrogen and bicarbonate ions 
are not in the form of solids, but of a 
gas, in solution. As the gas can be 
removed, the solids can in effect be 
reduced by an equivalent amount. 

Bicarbonate ions, which are CO, in 
solution, must be removed from boiler 
water because they corrode the metals ; 
as they are released in the steam, and 
are dissolved in the condensate, they 
will also corrode the return lines. CO, 
in solution may be removed by strip- 
ping. This can be accomplished with 
steam in a deaerating heater, or with 
air in a packed tower. Such a tower, 
known as a degasifier or a decarbona- 
tor, is shown in Fig. 2. The blended 
soft water is applied at the top while 
air is blown in at the bottom; the re- 
sulting contact discharges air and CO, 
at the top. The degasified soft water 
block (Fig. 2) shows what may be ac- 
complished. By comparison with the 
hard water block, it may be seen that 
the dissolved solids have been reduced, 
the water is soft and the alkalinity has 
been controlled by blending. 

The same result may be obtained by 
neutralizing the acid-cycle softened 
water with an alkali. Although this 
method is usually somewhat more 
costly, it is frequently possible to re- 
duce the investment, especially in small 
installations, by eliminating the need 
for sodium-cycle softeners. 

At the du Pont plant in Clinton, 
Iowa, it was determined that a dis- 
solved solids content of more than 200 
ppm. in the process water could not be 
tolerated in the manufacture of cello- 
phane; a water similar in analysis to 
the water used at the du Pont Buffalo 
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plant was needed. As both the river 
and well waters of Clinton were too 
high in dissolved solids concentration, 
Clinton could not be considered a suit- 
able location for a cellophane plant un- 
less this disadvantage were overcome. 
Experiments in split-feed processing 
were undertaken and management was 
shown what could be accomplished by 
this method. 

Table 1 compares Buffalo and Clin- 
ton raw water analyses and gives the 
results accomplished by the split feed 
processing of Clinton water in an ex- 


The disadvantage of the Clinton site 
was thus overcome. The cellophane 
plant would undoubtedly have been 
built elsewhere had this reduction in 
solids not been possible. 

Ion exchange, up to this point in the 
exchange process, has not removed 
anions but has only transformed them 
into their corresponding acids by re- 
placing the cations with hydrogen ions. 
Figure 3 shows how this is accom- 
plished. First, the hard water ana- 
lyzed in the hard water block in Fig. 
2 is passed through the acid-cycle cat- 


TABLE 1 
Analyses of Water Softened for Cellophane Production at the du Pont Buffalo and Clinton Plants 


Buffalo 


Clinton 


Typical Analyses 


Hydrogen and 


pH 

Hardness (CaCO) 
Alkalinity (CaCO;) 
Chlorides (Cl) 
Sulfates (SO,) 
Iron (Fe) 
Total Solids 


Color 
Turbidity 


changer operating on the sodium and 
hydrogen cycles. In both plants, the 
water was softened. At Clinton the 
alkalinity was reduced from 274 to 21 
and thereby controlled. Chlorides and 
sulfates were of no significance in 
either plant, and iron was suitably re- 
duced. Total solids at Clinton were 
reduced from 356 to 170, which com- 
pares favorably with the filtered 
sodium-cycle softened water of 175 at 
Buffalo. The pH was also stabilized 
at 7.4 by the split cycle method of con- 
trolling alkalinity. 


ion exchanger, which converts it to 
the substance shown in the acid-cycle 
softened block. All the cations are 
replaced by hydrogen and the corre- 
sponding acids formed; the silica is 
converted into silicic acids. When the 
effluent from an acid-cycle cation ex- 
changer is passed through an anion ex- 
changer, the cations and anions should 
both be removed. 


Anion Exchanger 


The introduction of the anion ex- 
changer was a revolutionary advance, 


if : 
— 
(River) Na-Cycle (Well) Na-Cycle 
Water Softened Water Softened 
ppm. ppm. ppm. ppm. 
oe 8.2 7.6 7.9 7.4 i 
122 188 0 
91 84 274 21 
ae 27 29 64 62 ee 
aps 26 26 60 56 a 
25 .10 A5 15 
190 175 356 170 
1 0 <10 <5 
fon 10 0.1 <1 <1 i 
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for it made it possible to remove chlo- 
ride and sulfate ions and replace them 
with OH (hydroxyl) ions. In other 
words, the anion exchanger removes 
the mineral acids from water. This is 
done by passing the effluent from the 
acid-cycle cation exchanger through a 
weakly basic anion exchanger which 


Acid Weakly 

Cycle Basic 

Cation Anion 
Exchanger Exchanger 
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water. Soluble silica is the only solid 
left dissolved in this water. The manu- 


facturer of this type of exchanger will 
usually guarantee a maximum of 5 
ppm. of solids in addition to the silica. 
Where exceptionally good quality is 
demineralization is 
In this process 


desired, double 
sometimes employed. 


Optional Bypass Arrangements 


Degasifier Strongly 
Basic 
Air Anion 
Exchanger 


i | SiO, - Free 
Hard Cycle Demineralized Degasified Demineralizer 
Water Softened Water Water Water 

+ LS = 

z 1 

Si02 103] }sio, }sioz SiO i 
Fig. 3. Demineralization of Water by Ion Exchange 


The standard procedure for demineralization of hard water is outlined. 


Either or 


both of the intermediate steps indicated by the dotted line may be bypassed, depending 
on the need for economy and on the relative proportions of the various cations 


is regenerated with soda ash. The re- 
sults are shown in the demineralized 
water block in Fig. 3. Because the 
ordinary anion exchangers are too 
weakly basic to remove weak acids, the 
carbonic acid and silica (SiO,) remain 
in solution. This is demineralized 
water, sometimes known as deionized 


present in the 


hard water. 


two sets of two-bed demineralizers 
(one acid cycle and one weakly basic) 
are used in series, the second set being 
designed to remove ions missed by the 
first. With double demineralization, 
the manufacturer will generally guar- 
antee an approximate maximum of 2 
ppm. of total solids, excluding silica. 
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If the carbon dioxide content cannot 
be tolerated for the use to which the 
demineralized water is to be put, it may 
be removed by the degasifier. Here 
again, the only solids remaining in the 
water, except for traces which may 
have slipped by the deionization proc- 
ess, are the dissolved silica. 

Because silica may be objectionable 
for use in high-pressure boilers or 
other special processes, it must be re- 
moved from water used for these pur- 
poses. An older method of removing 
silica consists in adding sodium fluoride 
to the raw water, mixing it with the 
influent to the cation exchanger, and, 
by the same process that applies to all 
the other dissolved solids, converting 
it to its corresponding acid, which hap- 
pens to be hydrofluoric acid. Hydro- 
fluoric acid reacts very readily with 
silica to form fluosilicic acid (H,SiF,), 
a strong acid which can be removed by 
a weakly basic anion exchanger. Thus 
by adding sodium fluoride to the raw 
water, it is possible, without leaving 
any traces of sodium fluoride in the 
final product, to reduce silica to a small 
portion. 

Improved methods of producing de- 
mineralized water and simultaneously 
removing all of the silica content have 
recently been developed. Strongly 
basic anion exchangers which will re- 
move all anions from the water are now 
commercially available. They will re- 
move not only the mineral acids but 
also the carbonic acid and the silica or 
silicic acid. The usual arrangement of 
this equipment is shown in Fig. 3; the 
strongly basic anion exchanger must be 
regenerated with caustic soda, as the 
resin is a stronger base than the soda 
ash which can be used with the weakly 
basic exchanger. 

In this process, the cation exchanger 
removes the cations, the weakly basic 
anion exchanger removes the mineral 
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acids, the degasifier removes the car- 
bonic acid, and the strongly basic anion 
exchanger removes the silica. This is 
not always the most economical ar- 
rangement, and, as indicated by the 
dotted line at the top of Fig. 3, either 
or both of the two intermediate steps 
may be bypassed. Which arrangement 
is used will depend on the economics 


Total Solids — ppm. 
0 0050102 05 1 2 =§ 10 20 50100200 


Typical industrial Water | 


Lime-Soda Softened 


Acid Cycle Softened 


Process Condensate =f 


Demineralized | Commercial Unit * 


Thermal and 


— J compression Units 


Double Demineralized | Commercial Units 


Condensed Condensed Plant Steam 


Demineralized (Laboratory) 


Repeated Distillation (Laboratory) 
l l j 
10’ 10° 10° 10° 
Specific Resistance - ohm cm. 
Fig. 4. Dissolved Solids Content Follow- 
ing Various Water Treatments 


The dissolved solids content remaining in 

a typical industrial water will vary, de- 

pending upon the various treatment 
processes used. 


involved and on the relative propor- 
tions of the various cations present in 
the hard water, 

For example, in a small laboratory 
installation, where elaborate equip- 


‘ment is not justified, the effluent from 


a cation exchanger may be passed di- 
rectly through a strongly basic anion 
exchanger, which will remove all of 
the anions. The drawback to this sim- 
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Analysis of Finished Water — ppm. 
0 50 100 150 200 250 300 
Raw Water 
Ca+Mg Na 
Ci+SO, HCO; 


Alum Coagulation 


Cold Lime, MgO, SiO, Removal + Zeolite Softening 


Hot Process MgO + Phosphate Softening 


a 
| 


Combination Acid and Sodium Cycle Softening 


F— HCO, 


70,000 60,000 50,000 40,000 30,000 20,000 
Equipment and Annual Chemica! Costs —$ 


cavipment costs for 250-gpm. unit 
*nnual Chemical Costs for 250-gpm. rate 


Fig. 5. Chemical Costs and Equipment Required for Various Water Treatments 


The effects on chemical composition of the various types of treatment applied to water 

are indicated by the bars extending from the left, to which the scale at the top of the 

figure applies. A rate of 250 gpm. and a raw water containing 250 ppm. of solids 
were used to make these determinations. 
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TABLE 2 
Typical Analyses of Condensates, Distilled and Demineralized Waters 


Raw Water 


Finished Water | 


Plant and Process 
Silica 
(SiOz) 


Total 
Solids 


Elements* 


Solids 
(Excl. SiOz) 


ppm. ppm. 


0.27 


BELLE 
Single Distilled 140 


Demineralized by Works 140 6.7 


Demineralized by Experi- 6.6 


ment Station 


ppm. 


7.8 Si, Ca, Fe, Zn, Al, Ti, Mn, Mg, Cu, 
Ba, Na, Ni, Zr, Pb, Cd, Sn, Cr 
Si, Ca, Zn, Mg, Mn, Al, Na, Fe, Ti, 

Ba, Ni, Cu, Cr 
Si, Fe, Ca, Mg, Al, Na, Zr, Ti, Mn, 
Ba, Ni, Cu, Zn, Pb, Cr, Ag 


7.9 
2.5 


SABINE R. 
Single Distilled 


Demineralized by Works 


Si, Ca, Al, Mn, Fe, Mg, Na, Cu, Zr, 
Zn, Ti, Pb, Ba, Ni, Sn, Mo, Ag, 
Cr, Li 

Si, Fe, Ca, Mg, Ti, Al, Ba, Mn, Na, 
Zn, Pb, Sr, Ni, Cu, Li, Cr, Ag 


CHATTANOOGA 
Compression Distilled 


Si, Ba, Fe, Ca, Mg, Cu, Al, Mn, Ni, 
Ti, Zn 


SEAFORD 
Turbine Condensate 


Factory Condensate 


Demineralized by Experi- 
ment Station 


Si, Mg, Al, Ca, Ti, Fe, Mn, Or, Cu, 
Zn, Na, Ni, Ba, Ag 

Si, Fe, Al, Ca, Mn, Mg, Cu, Ba, Na, 
Ni, Cr 

Si, Fe, Ca, Mg, Al, Ti, Mn, Ni, Cu, 
Zn, Na, Cr, Pb, Ba, Sr 


WAYNESBORO 
Laboratory Distilled 
Semi-Works Distilled 
Demineralized 


2.0 
2.0 
4.0 


WASHINGTON 
NaF Demineralized 


4.3 


ToLepo ELCHEM 
Demineralized 


1.2 


4.7 


* In order of apparently decreasing concentration, as found by emission spectography. 


ple arrangement is that it is more ex- 
pensive to remove anions with a 
strongly basic anion exchanger, which 
requires an excess of caustic soda for 
its regeneration, than it is to remove 
most of them by intermediate treat- 
ment with a weakly basic anion ex- 


changer and degasifier. If a water 
contains a large proportion of alkalin- 
ity, for example, it would probably be 
more efficient to remove the alkalinity 
in a degasifier than attempt to remove 
it in a strongly basic anion exchanger 
after its conversion to carbon dioxide. 


— 

| = | 

100 | 0.27 | 7.3 
95 | 0.038} 2.0 
50 | 0.05 1.85 
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Optimum design, therefore, depends 
on several variables. 

At the top of Fig. 4, illustrating typi- 
cal dissolved solids contents produced 
by various exchange treatments, is 
represented a typical industrial water, 
containing 200 ppm. of dissolved solids. 
With acid-cycle softening followed by 
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strongly basic anion exchanger were 
used, however, the silica could be re- 
duced to such an extent that the total 
solids in the demineralized water, in- 
cluding silica, would not exceed 5 ppm. 
The next bar indicates the results 
which can be obtained with commercial 
four-bed or double demineralization. 


Fig. 6. Greensand Water Softeners 


The tanks of the softeners at the du Pont plant in Buffalo are installed in a horizontal 


position, 


Hand valves are used to control the operation of the tank on the left; the 


tank on the right is controlled semi-automatically. 


neutralization or blending with sodium- 
cycle softened water, it would be pos- 
sible to reduce the solids to about 100 
ppm. Commercial two-bed deminer- 
alization, using a weakly basic anion 
exchanger, would reduce the total 
solids to 5 ppm. or less, not including 
silica which would pass through this 
type of demineralizer unchanged. If a 


The next to last bar on Fig. 4 repre- 
sents the best quality demineralized 
water which, to the author’s knowl- 
edge, has ever been produced. 


Pure Water 


The chemical analysis of very pure 
water presents a difficult problem. To 
obtain reliable and reproducible indica- 
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tions of total dissolved solids which fall 
below a few parts per million is diffi- 
cult, if not impossible, by chemical 
means. An accurate measure of the 
ions present in solution can be ob- 
tained by measuring the electrical re- 
sistivity of the water. Traces of im- 
purities can be readily detected by a 
definite decrease in the resistivity of 
the water. 

How the purity of deionized or de- 
mineralized water compares with that 
obtainable by other methods, such as 
distillation, is a question frequently 
asked. Typical results of some of the 
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obtained at the du Pont plants, are 
shown in Table 2. 

Single-distilled waters, demineralized 
at the plants and at the experimental 
station, compare favorably with each 
other. Compression distillation at 
Chattanooga shows 2 ppm. of solids 
remaining with only 0.38 ppm. of silica. 
The turbine condensate at Seaford is 
similar and the demineralized unit at 
Waynesboro is also close. In all of 
these processes, it should be noted that 
most of the elements found in the raw 
water also appear in the finished water 
in greatly reduced quantities; it is a 


TABLE 3 
Effect of Exchange Capacity on Installed Cost of Large Sodium-Cycle Softeners 


Type of Exchanger 


Raw Water 
Hardness 


Installed Cost 


Exchanger Capacity 
i $ /ker. CaCOs Removed 


ker./cu.ft. 


Low 
Low 
High 


Greensand 

High Capacity Greensand 
Synthetic Siliceous 
Sulfonated Coal 

Phenolic Resin 

Phenolic Resin 
Nonphenolic Resin 


High 


Intermediate 7-9 
Intermediate 


Very High 


2-3 10-17 
5-6 7-5 
9-12 5-10.5 
7-10.5 
7-12 
6-10.5 
3.8-6.8 


8-10 
11-16 
22-30 


other methods of treatment are shown 
in Fig. 4. 

Sources of pure water include not 
only demineralized water, but process 
condensate, thermally distilled water, 
compression distilled water and con- 
densed steam. Purity varies widely 
in different installations, but results 
which are reasonably typical are shown 
in Fig. 4. 

Results obtained at the du Pont 
plants indicate that deionized or de- 
mineralized water is the equivalent of 
carefully distilled water for most op- 
erations requiring water of exceptional 
purity. Typical water analyses of 
condensates, and of distilled and de- 
mineralized waters which have been 


delusion to think that these are totally 


removed. This is shown by the emis- 
sion spectrography results in the last 
column of the table. 


Rating Exchangers 


Because exchangers vary in their 
ability to exchange ions they are com- 
pared on the basis of their exchange 
capacity expressed in grains per cubic 
foot. This measure dates back to the 
time when base exchange was first 
used for water softening and hardness 
of water was measured in grains per 
gallon (gpg.) of calcium carbonate. 
Expressing water analyses in grains 
per gallon is now almost obsolete. In 
this usage, however, if 1 cu.ft. of ex- 
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changer is capable of exchanging 1 
kilograin (1,000 grains), it would 
soften 1,000 gal. of water containing 1 
gpg. (17.12 ppm.) of hardness. Or, if 
the water contained 10 gpg. (171.2 
ppm.) of hardness, the same amount 
of exchanger would soften 100 gal. 
There are other ways of expressing 


E. B. SHOWELL 


Jour. AWWA 


cubic foot measure in designing and 
comparing exchangers. 

The rate is expressed in gallons per 
minute per square foot. The green- 
sands are rated at 2 to 3, sulfonated 
coal at 5 to 7, and some of the latest 
styrene base resins as high as 10 gpm. 


per sq.ft. 


Fig. 7. Horizontal Water Softeners at Spruance Plant 


A battery of ten horizontal water softeners is operated on the sodium cycle in the 


Spruance plant, Richmond. The total processing capacity of these 


softeners is 


approximately 10 mgd. 


this relationship, such as in pound 
equivalents per 100 cu.ft., but kilo- 
grains of CaCO, per cubic foot is a 
convenient figure to use in selecting 


exchangers and equipment. Although 
water analyses are usually expressed 
in ions, they are converted to equiva- 
lents of calcium carbonate in order to 
facilitate the use of a kilograin per 


Table 3 shows the effect of exchange 
capacity on the installed cost of large 
sodium-cycle softener installations. 
These figures were obtained from one 
of the vendors and, like all such fig- 
ures, must be taken with some reser- 
vations. They do, however, show the 
trend. It is to be noted that green- 
sands of 2 to 3 kilograin capacity have 
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an installed cost of $10 to $17 per kilo- 
grain removed. The higher capacity 
exchangers—nonphenolic resins rated 
at 22 to 30 kilograins—range as low 
as $3.80 to $6.80 per kilograin re- 
moved. It is also possible to increase 
the rate of flow as the capacities are 
increased. Both these factors tend to 
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vestigated and solved according to 
individual circumstances on the most 
economical basis. Water analysis, ex- 
change capacity and size of equipment 
must all be considered. 

Information developed from data 
supplied by a vendor is shown in Fig. 
5 and applies to a flow of 250 gpm. and 


Fig. 8. Demineralizing Installation at Washington Plant 


The installation comprises two groups with two units in each. 
which is rated at 60 gpm., are operated alternately. 


The groups, each of 
The tall tank functions on the 


acid cycle; the shorter tank is the weakly basic anion exchanger. 


reduce investment in both the amount 
of exchanger necessary to treat a cer- 
tain quantity of water and ‘he size of 
the tank required. 


Cost 


The design engineer has such a 
range of capacities and rates to con- 
sider that each problem must be in- 


to dissolved solids of 250 ppm. It 
should be noted that as the ions are 
exchanged and solid concentration is 
reduced the cost of equipment as well 
as the operating cost increases. There 
are some exceptions to this rule, but 
generally speaking it is valid. 

A study was made at the du Pont 
plant in Seaford, Del., to determine the 
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cost of a number of methods designed 
to reduce the quantity of dissolved 
solids in the water. Table 4 sum- 


marizes the results of this study, indi- 
cating that of the three methods stud- 
ied—compression distillation, a one- 
effect still and demineralization—de- 
mineralization 


offers the cheapest 
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Cost Comparison of Treatment at the Seaford Plant 
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cost for each gallon per minute of ca- 
pacity is $7,500, $5,250 and $1,310; 
total investment is $8,900, $6,700 and 
$1,370. The operating cost per 1,000 
gal. treated is $1.48, $1.81, and $0.44. 

It might be asked why these large 
differences in investment and operat- 
ing cost exist. The answer appears to 


Compression Still 


Ordinary Still Demineralizer 


CAPACITY 
Number of units 
Capacity per unit, gpm. 

Total capacity, gpm. 


INVESTMENT 


4 4 2 
6.7 8.3 13.3 
33.3 6.6 


Equipment cost $ 97,800 $ 75,820 $12,800 
Installation cost 102,200 99,180 22,200 
TotaL Cost* $200,000 $175,000 $35,000 


Allocated facilities 


ToraL INVESTMENT 


ANNUAL OPERATING Costt 


37,450 


$237,450 


$ 20,680 


48,150 1,450 


$36,450 


$223,150 


$ 6,120 


$ 25,350 


TotaL Cost PER GPM. 


$ 7,500 


$ 1,310 


$ 5,250 


ToTaL INVESTMENT PER GPM. 


$ 8,900 


$ 6,700 $ 1,370 


$ 


OPERATING Cost PER 1,000 GaL. 


1.48 


$ 0.44 


$ 1.81 


* Order of magnitude estimate. 


+ Exclusive of depreciation and maintenance costs, on a basis of 14-mil.gal. production annually. 


means of reducing the solids content of 
the water. 

Whereas the total investment cost 
of compression distillation and a one- 
effect still is over $200,000, the cost 
of a demineralizer is approximately 
$36,450. The annual operating cost 
for treating 14 mil.gal. per year is: 
$20,680 for compression distillation, 
$25,350 for distillation and only $6,100 
for demineralization. The operating 


t Could be reduced 50 per cent by installation of a filter. 


be that, in distillation, the total quan- 
tity of water must be treated, whereas 
in ion exchange only the dissolved sub- 
stances are treated. Both processes 
are applicable to waters of high solids 
content; however, the treatment of 
such water by ion exchange is pro- 
hibitively expensive, and the break- 
even point is from 1,500 to 2,000 
ppm., depending on the kind of solids 
present. 
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Fig. 9. Compression Still at Chattanooga 


Despite its impressive size, an output of only 7.4 gpm (465 gph.) of demineralized 
water is produced by this apparatus. 


Design Problems 


The engineer confronted with the 
problem of design must consider the 
nature of the ions dissolved in the 
water as these are revealed by chemical 
analysis, and must tailor the apparatus 
to fit. The greater the number of ions 
to be removed, the greater the capacity 
which must be provided to remove 
them. A water in the East may con- 
tain approximately 100 ppm. of ions 
expressed as CaCQO,, whereas the 
water at Clinton, Iowa, would have 
about 400 ppm. Clinton water would 
consequently require four times as 
much exchanger of the same capacity. 
As the rate of 100 gpm. would be ap- 


proximately the same for both ex- 
changers, the tank at Clinton would 
have the same diameter but in theory, 
at least, be four times as high. 
Chemical analysis also informs the 
engineer of the relation between the 
ions. With a water having no Cl or 
SO, ions, all the cations would be 
bicarbonate; and thus a cation ex- 
changer on the acid cycle would de- 
mineralize the water, and no anion 
exchanger would be needed. If Cl and 
SO, ions are high in relation to the 
HCO,, then more Na cycle capacity is 
needed to neutralize the mineral acids, 
and a larger tank will be required. 


The greater the bicarbonate (HCO,) 
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in the influent water, the more H,CO, 
will result, and the larger will be the 
degasifier required to remove it. Simi- 
larly, in demineralization, the more 
ions which must be exchanged, the 
bigger the apparatus must be to ex- 
change them. Up to about 1,500- 
2,000 ppm. of solids, depending on the 
ions, the cost of ion exchange is un- 
economical compared to distillation. 

The photographs shown in Fig. 
6-9 are of actual du Pont installations 
and afford examples of some of the ex- 
changers discussed. Figure 6 shows 
an installation of greensand water soft- 
eners at the Yerkes plant in Buffalo, 
with the tanks in a horizontal position. 
Hand valves control the operation of 
the tank on the left, whereas semi- 
automatic control is provided for the 
one on the right. The regenerating 
cycle is initiated by pushing a button; 
after the exchanger has rinsed for 
about 30 minutes, a red light indicates 
that the regenerating cycle has been 
completed. The operator then tests 
the water’s softness and presses an- 
other button, putting the softener into 
operation. The Yerkes plant has sev- 
eral units totaling around 4,000 gpm. 
Five of them are hand controlled; the 
other two are semi-automatic. 

Figure 7 shows a battery of ten hori- 
zontal water softeners on the sodium 
cycle at the Spruance plant in Rich- 
mond, Several years ago, it was nec- 
essary to increase the rate of water 
softening at this plant to provide an 
increase in production. Comparative 
cost estimates indicated that the most 
economical way to accomplish this was 
to remove the greensand from the 
softeners and replace it with a car- 
bonaceous zeolite. Softening was in- 


creased in this manner from 5 to 7 
gpm. per sq.ft. and the thickness of the 
bec was reduced from 54 to 36 in. 
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The plant has ten horizontal water 
softeners 9 ft. in diameter and 17 ft. 
long, with a total processing capacity 
of approximately 10 mgd. 

The demineralizing installation at 
the Plastics Division of the Polychemi- 
cals Dept. in Parkersburg, W.Va., is 
shown in Fig. 8. This fully automatic 
plant was originally installed for the 
sodium fluoride removal of silica before 
strongly basic anion exchangers were 
commercially available. The removal 
of silica has been abandoned, however, 
as process results indicate that it is 
not necessary. The tanks are arranged 
in pairs; the tall tank operating on the 
acid cycle, the shorter one being the 
weakly basic anion exchanger. No de- 
gasifier was installed as it was not nec- 
essary to remove carbon dioxide. The 
installation comprises two groups of 
two units each; each group is rated at 
60 gpm. per sq.ft. and they are oper- 
ated alternately. 

The compression still at Chattanooga 
is shown in Fig. 9. A comparison of 
this apparatus, producing 7.4 gpm. 
(465 gph.) of softened water, and the 
units in Fig. 10 may indicate why a 
difference in investment costs exists 
in producing water of similar quality. 

It should be noted that no demin- 
eralized water is used for boiler feed 
except at the Toledo, Ohio, plant. At 
this plant it was considered more eco- 
nomical to increase the size of the de- 
mineralized water unit to provide 
boiler feed than to install water soft- 
ening equipment. Du Pont’s experi- 
ence in general has shown that it is 
more economical to soften water and 
chemically treat the residual hardness 
than it is to install an apparatus for 
demineralizing it. Although the pic- 
ture may change at some later date, 
this represents the current approach to 
the problem. 
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Furnishing Chicago Water to Outlying 
Municipal Districts 
By Loran D. Gayton 


A paper presented on March 30, 1951, at the Illinois Section Meeting, 
Chicago, Ill., by Loran D. Gayton, Asst. City Engr., Dept. of Public 


Works, Chicago, Ill. 


HICAGO, located on the west 

shore of Lake Michigan and tak- 
ing its water supply directly from that 
body of water, is blessed with a practi- 
cally inexhaustible source of supply. 
Lake Michigan is 307 miles long and 
118 miles wide, with a maximum re- 
corded depth of 923 ft. The water sur- 
face of the lake covers an area of 22,400 
square miles, and it has a drainage area 
of 69,040 square miles. Rainfall is 
well distributed throughout the year, 
averaging 32 in. annually. 

During its early history, Chicago’s 
sewage was delivered either directly 
into Lake Michigan, or into the Chi- 
cago River, which then flowed into the 
lake. “ As the population and the indus- 
tries of the city increased, with a con- 
sequent increase in sewage discharge, 
the water supply became dangerously 
contaminated. 

For many years there was a great 
deal of discussion about the best 
method of securing permanent relief 
from the scourge of typhoid, and in 
1885 the city of Chicago created a 
Drainage and Water Supply Commis- 
sion to investigate thoroughly the en- 
tire subject of water supply, sewerage 
and drainage. 


Chicago Sanitary District 
In 1887 the commission issued its 
report. After considering every known 


method of sewage disposal and also the 
great demand for a deep waterway to 
the Gulf of Mexico the commission 
made the following recommendations 
to overcome Chicago’s difficulties : 

1. That a sanitary and ship canal be 
constructed, connecting Lake Michi- 
gan at Chicago with the DesPlaines 
River at Lockport, of sufficient size 
and capacity to permit a flow of 24,000 
cfm. of water for each 100,000 of popu- 
lation, based on a total of 2,500,000 
people. 

2. That the canal be constructed of 
such a depth, and so connected with 
the Chicago River, as permanently to 
reverse it and send its flow through the 
DesPlaines and Illinois into the Mis- 
sissippi River. 

This report was immediately sent to 
the War Dept. and the Congress by the 
Division Engineer at Chicago. 

As the work of constructing the 
canal was estimated to cost not less 
than $28,000,000, and as it would be 
necessary to issue bonds for immediate 
construction, it was evident that the 
city, which had already reached its 
limit of bonded indebtedness, could not 
carry out the work. Recourse was had 
to the legislature, and in 1889 a new 
entity, the Sanitary Dist. of Chicago, 
was formed and empowered to levy a 
tax, to issue bonds and to construct the 
canal. The boundaries of the district 
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The key to the numbering systein is given below: 


1—South District Filtration Plant 

2—-Mayfair Pumping Station 

3—Thomas Jefferson Pumping Station 1 

4—-Lake View Pumping Station 1 
1 
1 


8—Central Park Ave. Pumping Station 
9—14th St. Pumping Station 

O--22nd St. Pumping Station 
1—Western Ave. Pumping Station 
2—68th St. Pumping Station 
3—Roseland Pumping Station 


5—Springfield Pumping Station 
6—Chicago Pumping Station 
7—Cermak Pumping Station 
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were not coincident with the city lim- 
its, but stopped at 87th St. on the 
south, at Devon Ave. on the north, and 
included a large part of Cicero on the 
west. Work on the canal was started 
in 1892; it was completed and put into 
operation on January 2, 1900. 

With the construction of the drain- 
age canal, the city blocked all sewers 
draining into Lake Michigan, and built 
a system of intercepting sewers to 
divert all sewage from the lake to the 
canal. 

The Sanitary District of Chicago has 
grown from an initial area of 185 
square miles, and a population of 1,- 
150,000, to 470 square miles in which 
there are 71 municipalities, including 
Chicago, and a total population of 
4,380,000. Under the Sanitary Dis- 
trict Law, the city of Chicago must, 
upon demand, supply water to any mu- 
nicipality within the district limits 
which brings its pipeline to the Chi- 
cago city limits. The price charged 
must be the same as that paid by large 
users of water within Chicago. 

The first municipality to take advan- 
tage of this provision was Burnham, 
which signed a contract with Chicago 
in 1909. At present, Chicago supplies 
water directly to 37 municipalities in 
the Chicago Sanitary District. A 
number of the municipalities taking 
water directly from the Chicago sys- 
tem supply Chicago water to eleven 
other municipalities in the Sanitary 
District. As a result, Chicago water 
is now used by 48 municipalities, with 
an aggregate population of 486,284, 
which are in the Chicago Sanitary 
District (Fig. 1). 


Proposed Extension 


In August 1947, Oscar E. Hewitt, 
Chicago’s Commissioner of Public 


FURNISHING OUTLYING DISTRICTS 


541 


Works, made public a plan showing a 
proposed extension of the Chicago 
Water Supply System which would 
supply Lake Michigan water to 62 mu- 
nicipalities in the Chicago metropolitan 
area now depending upon ground 
water supplies (Fig. 2). The plan was 
the result of studies made by the Bu- 
reau of Engineering over a number of 
years. 

The municipalities to be served ex- 
tend on the north from Barrington on 
the north line of Cook County to El- 
gin, St. Charles and Aurora on the 
west, Joliet on the southwest, and on 
the south to the south line of Cook 
County. The system would serve 
Lake Michigan water to every munici- 
pality of any size in the area under 
consideration. 

The 1940 Census counted a popula- 
tion of 320,548 in the 62 municipalities, 
and it is estimated that their 1970 
population will reach 493,000, On a 
consumption basis of 150 gped., it is 
estimated that the maximum daily de- 
mand in 1970 will be approximately 74 
mil.gal. 

The system is designed to meet a 
maximum day’s demand in 1970 and 
to deliver water at ground level at the 
boundary of each municipality. Each 
municipality is to provide and main- 
tain any necessary reservoirs and 
pumping equipment and to distribute 
the water to the ultimate consumer. 
The water is to be metered at the point 
of delivery to each municipality. The 
system has been divided into three 
major zones: the Northwesi, the West 
or Central, and the South. The re- 
quired quantity of water for both the 
Northwest and Central zones will be 
available from the Chicago Ave. tun- 
nel. An extension, 10 ft. in diameter, 
of the Chicago Ave. tunnel to 25th 
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Fig. 2. A Water Supply System for the Chicago Metropo 
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Ave. in Melrose Park is proposed. 
Provisions for a reservoir and low-lift 
pumps at the end of the tunnel have 
been made, so that if the peak demand 
by city consumers should require all 
the water in the tunnel for several 
hours the suburban system could con- 
tinue to pump from the reservoir, 
which would be refilled during the off- 
peak demand. 

The Northwest zone, taking water 
from the Chicago Ave. Tunnel, will 
serve nineteen communities, with an 
estimated population in 1970 of 111,- 
600 and an estimated maximum-day 
water demand of 16.74 mil.gal. The 
Northwest zone will require three 
booster pumping stations. 

The Central zone, taking water from 
the Chicago Ave. tunnel, will serve 
eighteen communities with an esti- 
mated population in 1970 of 224,600 
and an estimated maximum-day de- 
mand of 33.69 mil.gal. The Central 
zone will require two booster pumping 
stations. 

The South zone, taking water from 
the Roseland Pumping Station, will 
serve 25 communities with an esti- 
mated population in 1970 of 156,000 
and an estimated maximum-day de- 
mand of 23.415 mil.gal. 

The South zone is divided into two 
projects, both getting water from the 
Roseland Pumping Station. To in- 
crease the capacity of the station a new 
12-ft. tunnel is to be built in 74th St., 
from Oglesby Ave. to State St. This 
will take its water supply from the ex- 
isting tunnel at Oglesby Ave. and con- 
nect with the 10-ft. tunnel running 
south in State St. to the Roseland 
Pumping Station. 

The Chicago Heights project will 
require a reservoir and a booster sta- 
tion near 151st St. and Indiana Ave. 
If the peak demand by Chicago’s con- 
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sumers should require all the water 
available from the main, the booster 
could continue to pump from the reser- 
voir, which would be refilled during 
the off-peak demand. 

The Joliet project will be exclusively 
supplied by new pumps at the Rose- 
land Pumping Station, which will de- 
liver water at a pressure sufficient to 
eliminate the need for a booster station. 

Preliminary cost estimates made 
from the drawings indicate that the 
metropolitan water supply system out- 
lined could deliver Lake Michigan 
water to the municipalities under con- 
sideration at reasonable rates. 
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Legislation 

Article 78 of the Cities and Villages 
Act gives municipalities with a popu- 
lation under 500,000 the power to ex- 
tend their water supply systems be- 
yond their corporate limits. As Chi- 
cago’s population is over this limit, 
new legislation will be required if the 
Chicago water supply system is to be 
extended beyond the city limits, and 
the Committee on Judiciary and State 
Legislation of the Chicago City Coun- 
cil has ordered that such legislation 
be drafted for presentation to the 
legislature. 


Correction 


In the paper ‘“‘A New Water Supply for the Alexandria Water Company” 
by E. H. Aldrich, which was published in the May 1951 JouRNAL, the plant’s 


capacity was incorrectly given as 4 mgd. in the first paragraph (p. 332). 


correct figure is 9 mgd. 
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Controlling Taste, Odor and Color With Free 
Residual Chlorination 


By Thomas M. Riddick 


A contribution to the Journal by Thomas M. Riddick, Consulting Engi- 


neer and Chemist, New York. 


ATER treatment is not an exact 

science, but one that advances 
so rapidly that yesterday’s standards 
are often obsolete today, and frequently 
must even be considered as previous 
errors in judgment. 

Approximately seventeen years ago 
a New York jurist published his life’s 
work—a series of volumes entitled The 
Legal Status of the Common Law Wife 
in New York State. A short time 
later, however, the legal status of the 
common law wife in this state was 
abolished, thereby rendering his life’s 
effort obsolete. The pioneering efforts 
of Marconi and Edison were similarly 
outstanding at the time of their incep- 
tion, but wireless transmission today is 
a far cry of Marconi’s original work, 
and Edison’s carbon filament is now 
worthless from the standpoint of effi- 
cient illumination. 

In the water works field, a large vol- 
ume of historical research was pub- 
lished fourteen years ago. It sum- 
marized all the known literature of 
chlorine and chlorination. The all- 
important difference currently recog- 
nized between free chlorine and com- 
bined chlorine, however, makes this 
1937 book about as timely as that 
year’s telephone directory. 

The many and involved relationships 
governing the sterilizing power of chlo- 


rinous solutions in waters of varying 
pH, alkalinity, turbidity, temperature, 
and organic, carbonaceous and _ni- 
trogenous content were not very well 
understood before the government- 
sponsored research made during and 
after World War II. 

This newer knowledge of the quali- 
ties and capabilities of chlorine forces 
us to discard many previous theories 
about tastes and odors. 

A great deal of information is avail- 
able describing the fresh water algae 
that cause tastes and odors. These or- 
ganisms range from the relatively in- 
offensive Diatomaceae such as Asteri- 
onella and Synedra to the strictly of- 
fensive protozoan types such as Di- 
nobryon and Synura. Control of these 
organisms, or the resulting offensive 
conditions created by them in open 
reservoirs, is conventionally attempted 
with some form of copper sulfate. 
Sometimes chlorine or activated carbon 
is used. 

Although the types and properties 
of fresh water algae are well under- 
stood, less is known about the various 
types of aquatic weed growths which 
can and do produce rank tastes and 
odors. Nor has any practical method 
yet been devised for their ready re- 
moval or elimination. _ Efficient re- 
moval of both algae and weed growths 
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can be effected by the para-dichloro- 
benzene type of chemical. The moth- 
ball odor thereby produced, however, 
can sometimes be far worse than that 
of the algae. 

Both algae and aquatic weeds un- 
doubtedly could be successfully con- 
trolled by the newer types of weedi- 
cides in the 2,4-D group, but their use 
would kill off most fish. The toler- 
ance, also, of the human organism to 
these chemicals has not yet been suffi- 
ciently well established to permit their 
general adoption with safety. 

The worst offenders, the protozoa, 
are generally at their peak during the 
winter months, when reservoirs in the 
temperate zone are frozen over. Cop- 
per sulfate can be applied by suspended 
bags through holes chopped in the ice, 
but this is more of a token than an 
effective treatment. 

There are, furthermore, many indi- 
cations that the use of copper sulfate 
or other algicides in open reservoir 
waters tends to upset the natura! bio- 
logical balance created by the pattern 
of antagonism among classes and types 
of organisms, and thus conditions may 
be made worse rather than improved. 
It also seems evident that shallow 
areas, fluctuating water levels and the 
lack of steeply sloped banks in reser- 
voirs are more fundamental causes of 
a poor quality of stored water, regard- 
less of our best attempts to control 
either algae or weed growths. 


The Problem of Topography 


To achieve complete, continuous and 
effective control of taste- and odor- 
producing algae and aquatic weeds is 
virtually impossible. Such control de- 


pends more upon the geological ter- 
rain, the character of past and present 
vegetation, and the soluble mineral 
constituents of the overburden of the 
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watershed than it depends upon the 
algicides. 

The conditions which render reser- 
voirs free from algae and weed growths 
can be determined from present know]l- 
edge of fundamental aquatic biology. 
A number of striking examples can be 
found in Alaska and New Brunswick, 
Canada. Many reservoirs there were 
formed by glacial action and conse- 
quently have steep, uniformly sloped 
sides and few shallow areas, averaging 
30 to 40 ft. in depth. The watershed 
has few swampy areas and a relatively 
high degree of underground seepage 
keeps the water cold. Finally, the 
overburden contains few soluble min- 
erals, with phosphates and nitrates 
especially scarce. 

The opposite of these conditions cre- 
ates the most favorable environment 
for the growth of objectionable algae 
and weed growths. A low, 15-30 ft. 
dam across a long tapering valley with 
gently sloped sides and with swampy 
areas on the smaller feeder brooks in 
addition to agricultural lands on the 
watershed, will produce sufficiently un- 
favorable conditions to be uncontrol- 
lable by any biological or algicidal 
methods known today. 

The shallow areas permit penetra- 
tion of sunlight with the accompanying 
symbiotic growths of algae and aquatic 
vegetation. The feeder streams sup- 
ply an ever abundant source of algae 
for reseeding after rainfall. And the 
agricultural fertilizers supply ample 
nutritive ingredients so that these 
growths can flourish. 

If copper sulfate is added in suffi- 
cient dosages and at sufficiently fre- 
quent intervals (doses as high as 5 
ppm. have been applied with no appre- 
ciable remedial effects) to control algae 
even partially all fish are inevitably 
killed, thereby producing a biological 
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imbalance which fosters the growth 
and incidence of algae even further. 


Taste and Odor Controls 


Control of tastes and odors at the 
treatment plant is conventionally, and 
often successfully, attained by the ap- 
plication of activated carbon and by the 
use of ammonia. Both these treat- 
ments have been used extensively, but 
each has its limitations. 

The application of normal dosages of 
chlorine, to produce residuals of about 
0.3-0.6 ppm. for the purpose of dis- 
infection is one of the basic and most 
frequent causes of tastes and odors. 
The reaction of small doses of chlorine 
with algae, or with the organic content 
of the water caused by algae or 
growths of vegetation, can produce 
tastes and odors which cannot be re- 
moved even by aeration in addition to 
the application of carbon and ammonia. 

If it were safe to apply doses of chlo- 
rine low enough to produce no resid- 
ual, or residuals of less than 0.05 ppm., 
then both the incidence and intensity of 
tastes and odors would be greatly mini- 
mized. If also the watershed were rela- 
tively uninhabited, and the raw water 
free from contamination, then treat- 
ment of this type might produce a fin- 
ished water which would meet the U.S. 
Public Health Service standards. The 
margin of bacterial safety would be too 
slight, however, for the comfort of 
either the designing engineer or the 
plant superintendent, and the state de- 
partments of health would certainly not 
tolerate such low residuals, regardless 
of satisfactory laboratory results. 

A few years ago free residual chlo- 
rination and superchlorination were 
widely adopted. with varying degrees of 
effectiveness. It was then generally 
believed that this high-rate treatment 
was quite applicable to some supplies, 
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but unsuited to others. It would there- 
fore seem that the break-point process 
was a step in the right direction—but 
too short a step. 


Experiments at Nyack and Ossining 


The Nyack and Ossining (New 
York) Water Departments*have, dur- 
ing the past sixteen years, experi- 
mented with innumerable methods of 
water treatment at their plants; conse- 
quently, both plants have been mate- 
rially improved. 

These water works employ rapid 
sand filtration but differ appreciably 
inasmuch as a very variable river 
(Hackensack) water is used at Nyack, 
whereas a stored reservoir water of 
fairly constant quality is employed at 
Ossining. 

Before 1947 treatment at both plants 
included aeration, coagulation, sedi- 
mentation, filtration, chlorination, am- 
moniation and, at times, the addition 
of as much activated carbon as possible. 

At these plants, as in most water 
works that treat surface supplies, tastes 
and odor removal presented no great 
difficulties during most of the year. 
Particular care had to be exercised 
during a few months annually, and for 
perhaps five or ten per cent of the time 
complete taste and odor removal was 
impossible. In fact, extreme skepti- 
cism should be shown to the statement 
of any operator who reports that taste 
and odor removal from surface waters 
is complete at all times. Such a per- 
son probably needs a medical check 
of his olfactory and gustatory senses, 
an objective appraisal of his veracity, 
or perhaps, to use the current expres- 
sion, to have his head examined ! 

In 1947 a further attempt was made 
at the Nyack and Ossining plants to 
eliminate both regularly anticipated 
and sporadic outbreaks of taste and 
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odor in the finished waters, by insti- 
tuting what was then known as “break- 
point” chlorination and superchlorina- 
tion. This procedure required the ad- 
dition of sufficient chlorine to maintain 
a total chlorine residual of 0.5-1.0 ppm. 
in the plant effluent after a contact 
period of “approximately four hours. 
Results were encouraging as a general 
improvement was obtained. 
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primary dosage to obtain a residual of 
a full 4 ppm. of free chlorine in the 
filtered water after a contact of about 
four hours. This was then reduced by 
dechlorination with sulfur dioxide to 
about 0.3-0.4 ppm. 

On the day of initial operation with 
the latter method at Ossining, the 
concentration of Anabaena (caused by 
a heavy rainfall that drained stag- 
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Average Monthly Chlorine Dosages at Ossining Plant 


During 1945 and 1946 chlorine was applied for disinfection only, with the average 


dosage less than 1.0 ppm. 


tion was employed, requiring the addition of 6 ppm. of chlorine. 


From March through August 1947, free residual chlorina- 


Beginning in 1948, 


chlorine was employed as an oxidizing agent only, and dosages were increased 


Within about four months, however, 
finished water that had rank taste and 
odor was discharged from the plant 
about a half dozen times. The severity 
of these outbreaks was sufficient to 
jeopardize the positions of both the 
general superintendent and the author. 

Superchlorination was therefore im- 
mediately abandoned and free residual 
chlorination with dechlorination was 
instituted. This required sufficient 


nant swamplands) approximated 4,000 
standard areal units per ml. This con- 
centration was great enough to be visi- 
ble and the taste and odor created by 
either normal or  superchlorination 
were rank. The new treatment was 
remarkably successful, and, with but 
few minor alterations, has since re- 
mained unchanged at both plants. The 
incidence of objectionable tastes and 
odors has without doubt been reduced 
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considerably, compared with the best 
operation possible when employing the 
older methods of treatment. 

Color has been bleached from as 
high as 35-45 to 3-10 ppm. (averaging 
5 ppm.), and turbidity has been re- 
duced to a satisfactory level by filtra- 
tion alone. Both iron and manganese 
have been oxidized and removed either 
by natural sedimentation or by the 
filter sand. The operator’s work has 
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treatment is now required, and, as no 
coagulant is employed, less alkali is 
necessary for corrosion control. 

Chlorine dosages have varied from 
8 to 18 ppm. It is noteworthy that 
the change in chlorine demand of a 
stored reservoir water can sometimes 
take place within a few hours, due to 
thermal overturns altering the charac- 
teristics of the raw water at the point 
of intake. 
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Fig. 2. Color of Raw and Finished Waters at Ossining Plant 


This chart shows color in raw and finished waters, the period when alum was applied 

and intervals when New York City Croton Aqueduct water was used. In early 1947 

a line was installed to permit blowoff of reservoir water from the bottom of the stag- 

nation sone, effectively reducing the color of the reservoir water. Lowering of raw 

water color and application of high dosages of chlorine enabled the plant to operate 
without using alum about 90 per cent of the time. 


thus been greatly lessened, as coagula- 
tion is no longer required, and filter 
runs have been lengthened considerably. 

In addition to obtaining these bene- 
fits, both plants have operated for 
more than twenty of the past twenty- 
four months, without the addition of 
any primary alkali, coagulant, ammo- 
nia or activated carbon. Only one 
chlorination and one dechlorination 


Discussion of Graphs 


Results of three and one-half years 
of operation with the break-point 
process and free residual chlorination 
(with dechlorination) are shown in 
Fig. 1-4. 

Figure 1 shows the chlorine cosage 
at Ossining, N.Y. In 1945 and 1946 
chlorine was applied for disinfection 
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only, and the dosage averaged less than 
10 ppm. During 1947 (March 
through August) free residual chlo- 
rination was employed. This required 
the addition of about 6 ppm. of chlorine 
and resulted in a residual of about 1.0 
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tastes and odor could not be controlled 
were too frequent to tolerate. 
Beginning in 1948, chlorine was em- 
ployed as an oxidizing agent only, and 
dosages were increased to produce a 
free chlorine residual of 4 ppm. after 


Chiorine Dosage — ppm. 


1947 


1948 


ppm. The break point was never 
sharply defined, although in general 
this residual consisted of free rather 
than combined chlorine. Operating re- 
sults, as previously noted, were spo- 
radic. Considerable improvement was 
often noted, but periods during which 


Fig. 3. Average Monthly Chlorine Dosages at Nyack Plant 


The amounts fed varied, producing a disinfecting dosage of 2 ppm., a break-point 
dosage of 6-7 ppm. and a free residual chlorination (with dechlorination) of about 8-9 
ppm. during the winter months and 12 ppm. in the summer. 
about 18 ppm. 


1949 1950 


Maximum dosages are 


Residuals were 


a four-hour contact. 
then reduced to 0.3 ppm. by the appli- 
cation of sulfur dioxide. 
Experimentation was then under- 
taken to reduce, if possible, the estab- 
lished four-hour residual of 4 ppm. 
All results indicated that no lower re- 
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sidual provides a sufficient margin of 
safety to produce a uniformly good 
water at all times. It is undoubtedly 
true that lower residuals (2.5-3.0 
ppm.) are satisfactory at times, but 
such periods are unpredictable, and 
operation with such residuals inevitably 
leads to the discharge of a poor quality 
water. All indications point to the 


conclusion that the Ossining supply 
requires a winter dosage of about 
8-10 ppm. and a summer dosage of 
12-14 ppm., with peaks as high as 
16 ppm. 


FREE RESIDUAL CHLORINATION 
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Aeration of the raw water following 
chlorination is very desirable and can 
be done without excessive loss of chlo- 
rine after as short a contact period as 
ten seconds. Aeration of the filtered 
water is also desirable. 

Figure 2 shows color in the raw and 
finished waters, the period when alum 
was applied and the intervals when 
New York City Croton Aqueduct 
water was used. 

It will be observed that the raw 
water had color peaks of 70-80 ppm. 
in 1945 and 1946. In early 1947 a 
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Fig. 4. Color of Raw and Finished Waters at Nyack Plant 


Color of both raw and treated waters is shown. Alum was required for periods of 
only about one and one-half months during 1949 and 1950, and generally seemed to 
be needed only when raw water color exceeded 40 ppm. 


Dechlorination is as important a fac- 
tor to palatability as chlorination is to 
potability. The free chlorine residual 
in the plant effluent must be reduced 
to 0.3-0.4 ppm. Higher residuals in- 
evitably cause complaints. In order 
to assure uniformity of residuals it is 
desirable, if not essential, to install a 
continuous chlorine recorder. With- 
out this device, fluctuations in residuals 
due to change of raw water demand 
cannot be detected in time. 


line was installed to permit blowoff of 
reservoir water from the bottom of the 
stagnation zone, rather than to allow 
overflow of surface water across the 
dam. 

This simple expedient was extremely 
effective in reducing the color of the 
reservoir water. It will be noted that 
during the summer of 1947, color did 
not rise above 45 ppm., and since this 
time there has been a very definite 
diminution of color. 
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The lowering of raw water color and 
the application of high dosages of chlo- 
rine enabled the plant to operate about 
90 per cent of the time without the use 
of alum, and to produce a water with 
5-10 ppm. of color. 

Figure 3 shows chlorine dosages at 
the Nyack plant. The amounts fed 
vary, producing a disinfecting dosage 
of 2 ppm., a break-point dosage of 
6-7 ppm. and a free residual chlorina- 
tion (with dechlorination) dosage of 
about 8-9 ppm. during the winter 
months and 12 ppm. in the summer. 
Maximum dosages are about 18 ppm. 

Figure 4 shows the color of raw and 
treated waters. Alum was required for 
periods of only about one and one-half 
months during the years 1949 and 
1950, respectively. As at Ossining, 
alum seemed indicated when raw 
water color exceeded approximately 40 
ppm. The color of the finished water 
varied from 2-10 ppm., with an aver- 
age of approximately 5 ppm. 


Conclusions 


In considering this type of treatment 
it is necessary to be intellectually hon- 
est as well as to accept and be happy 
with what (at this stage) seem to be 
the answers. On this basis, therefore, 
the following conclusions have been 
drawn: 

The taste and odor of the finished 
water is greatly improved and sporadic 
outbreaks of the qualities are practi- 
cally eliminated. The color of the raw 
water is greatly decreased, although 
this reduction is not as great as that 
obtained by conventional coagulation. 
Plain filtration will not produce the 
sparkling clarity or “polish” that is 
possible with good coagulation and fil- 
tration, but it will produce a water of 
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satisfactorily low turbidity in the range 
of 0.3-1.0 ppm. 

This process requires machines with 
a chlorinating capacity of about 140 Ib. 
per mgd., and a dechlorinating capacity 
of about 40 Ib. per mgd. It is also 
advisable to install a continuous chlo- 
rine recorder (at Nyack the sulfur di- 
oxide machine has been automatically 
controlled by the chlorine recorder 
for more thana year). This equipment 
is of course costly, but considering the 
results obtained, the costs seem fully 
justified. 

The greatly increased cost of chlo- 
rine and sulfur dioxide just about off- 
sets the reduction in costs of ammonia, 
activated carbon, alum, primary alkali 
(if required) and secondary alkali. li 
ton containers of chlorine are available 
(the market is extremely tight at pres- 
ent), chemical costs will show an ap- 
preciable decrease. 

The operation of the plant is greatly 
simplified, and, for this reason, at 
Nyack and Ossining operators would 
hate to return to the older methods of 
treatment. 

The new type of treatment offers a 
possibility for far greater economy of 
plant design than has been practiced 
in the past. It is confidently predicted, 
furthermore, that the venturesome en- 
gineer of the future who does not mind 
sticking his neck out to a degree, and 
who is seriously desirous of producing 
an adequate treatment plant at very 
low initial costs, is going to install 
plants for reservoir waters of low color, 
consisting only of filters, aerators, chlo- 
rinating and dechlorinating apparatus. 

The time is not too far distant when 
someone will approach the water treat- 
ment problem from some fresh view- 
point and render obsolete today’s con- 
ventional methods. 
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Relative Resistance of Coliform Organisms and 
Enteric Pathogens in the Disinfection of 


Water With Chlorine 
By Paul W. Kabler 
A paper presented on October 17, 1950, at the Southwest Section Meet- 


ing, New Orleans, La., by Paul W. Kabler, Senior Surgeon, U.S. 
Public Health Service, Environmental Health Center, Cincinnati, Ohio. 


HE concept of associating water 
with intestinal ailments evolved 
long before the bacteriological and 
medical origins of enteric diseases were 
known. By the middle of the nine- 


teenth century, Snow and Budd in 
England had demonstrated epidemi- 
ologically that the causative factors of 
some intestinal diseases were in the 
water consumed by the sick. 


In 1880 
Eberth described “Bacterium typho- 
sus” (Salmonella typhosa) and recog- 
nized it as the causative agent of ty- 
phoid fever. In 1885 Escherich iso- 
lated “Bacterium coli” (Escherichia 
coli) and “Bacterium aerogenes” 
(Aerobacter aerogenes) from fecal 
materials. 

As water bacteriology developed, it 
was logical that maximum interest 
should center in the detection and iso- 
lation of intestinal pathogens. The 
difficulties involved in isolating these 
organisms from water, however, were 
quickly recognized. Laws and An- 
drews (1) in 1894 failed to isolate S. 
typhosa from London sewage. Diffi- 
culty in isolating these organisms from 
polluted wells was also encountered by 
Kubler and Neufeld (2) in 1899 and 
by Fischer and Flatau (3) in 1901. 

Methods for the quantitative isola- 
tion of enteric pathogens subsequently 
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improved, and the isolation of S. ty- 
phosa has been reported by Wilson (4, 
5), Wilson and Blair (6), Green and 
Beard (7), Ruchhoft (8) and others 
from sewage and polluted waters. De- 
spite the improvement in methods, no 
medium or procedure for the enumera- 
tion of intestinal pathogens has been 
developed to date which is feasible for 
use in the average laboratory or is 
sufficiently sensitive and rapid to be of 
value in estimating the sanitary quality 
of water. 

The isolation of Esch. coli and Aer. 
aerogenes from feces by Escherich, and 
the subsequent demonstration by a 
number of investigators of their normal 
presence in the feces of man and warm- 
blooded animals, suggested the use of 
the coliform group as an indicator of 
the possible presence of enteric patho- 
gens. In 1905 the first committee on 
standard methods for the examination 
of water in the United States recom- 
mended to the Laboratory Section of 
the American Public Health Associ- 
ation the use of the coliform group as 
a criterion of fecal pollution, and the 
various editions of Standard Methods 
(9) since have specified procedures for 
the detection of the same group of bac- 
teria, whether referred to as “B. coli,” 
“Bacillus coli,” the “colon group,” the 
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“coli-aerogenes group” or the “coli- 
form group.” 


Relative Resistance 


When disinfectants first came into 
use in the treatment of water supplies, 
Esch. coli was apparently considered 
more resistant to various chemical 
agents than the pathogenic intestinal 
bacteria. Wesbrook, Whittaker and 
Mohler (10) in 1910 published the 
first results on the relative resistance 
of Esch. coli and S. typhosa to chlorine 
(calcium hypochlorite). They studied 
six strains of “B. typhosus” and “B. 
coli” which had resided on artificial 
media for from one to eighteen months, 
adding varying amounts of hypochlo- 
rite solution to a suspension of bacteria 
in water kept at room temperature. 
They found that varying amounts of 
chemicals were required to sterilize 
different cultures and strains of both 
colon and typhoid bacilli. In two out 
of twelve experiments, more hypo- 
chlorite was required to produce steril- 
ity in the typhosus than in the coliform 
suspensions. The minimum amount of 
chemical required for “B. coli” in the 
minimum time tested was from 1.5 to 
3+ ppm. of available chlorine, and for 
“B. typhosus,” from 1 to 3 ppm. The 
authors were of the opinion that their 
results indicated, in a very general 
way, that “the use of the presence or 
absence of B. coli in a water supply as 
a guide to the possible presence or ab- 
sence of typhoid bacilli might be war- 
ranted pending the formulation of bet- 
ter technical methods.” 

Tonney and others (11, 12) in 1928 
and 1930 studied the minimal “chlorine 
death points” of 503 vegetative and 
spore-bearing strains of bacteria (48 
species), among which were 21 strains 
of S. typhosa, 33 of Esch. coli and 41 
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of Aer. aerogenes. The authors give 
no history of the strains examined nor 
do they indicate the length of time they 
were grown on artificial media. Using 
distilled water for preparation, they 
found that exposure for 15 to 30 sec- 
onds to 0.1 ppm. of chlorine was suf- 
ficient to kill all the S. typhosa; 13 
strains of Esch. coli exposed for the 
same time were killed by 0.15 ppm. of 
chlorine, 10 strains by 0.20 ppm., and 
9 strains by 0.25 ppm. The results 
for Aer. aerogenes were similar to 
those for Esch. coli. Thus the investi- 
gators concluded: “The experiments 
appear to furnish a satisfactory the- 
oretical basis for the current practice 
of relying on the consistent destruction 
of Esch. coli in water as a criterion of 
effective chlorination” 


Chlorine Residual 


Griffin (13) in 1934 stated that fully 
99 per cent of Esch. coli in average 
waters was killed with relatively small 
residuals of chlorine, and that, for a 
given contact time, chloramine resid- 
uals two times greater than chlorine 
residuals would accomplish approxi- 
mately the same results. He further 
stated that “higher residuals are re- 
quired with alkaline waters than with 
acid waters in order to effect complete 
elimination of Esch. coli.” 

As part of the investigations follow- 
ing an outbreak of typhoid fever in 
Minneapolis, the comparative “resist- 
ance of various strains of Eberthella 
typhosa and coli-aerogenes to chlorine 
and chloramine”’ was studied by Heath- 
man, Pierce and Kabler (14). They 
used tap water with a pH range of 
from 6.4 to 7.9 as a suspending me- 
dium. Observations were made in two 
temperature ranges, room temperature 
and slightly above freezing. Although 
the chlorine residual tests and the na- 
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ture of the tap water used make it im- 
possible to state positively whether the 
available chlorine present was free or 
combined, it was clearly established 
that there is a considerable variation in 
the resistance of freshly isolated strains 
of “E. typhosa” and members of the 
“coli-aerogenes” group, that consider- 
ably longer periods of exposure are re- 
quired at low temperatures, and that 
certain strains of S. typhosa exhibit as 
great or greater resistance to chlorine 
than some strains of the coliform group. 
In later experiments, Kabler, Pierce 
and Michaelsen (15) showed that 
freshly isolated strains of S. typhosa 
exhibit an appreciably greater resist- 
ance to combined available chlorine 
than do strains that have resided on 
artificial media for indefinite periods of 
time. They pointed out the possible 
danger of using old laboratory strains 
to determine the effectiveness of chlo- 
rine as a disinfectant. 


Bactericidal Efficiency 


Butterfield and his associates (16- 
19) of the Water and Sanitation In- 
vestigation Station at Cincinnati, now 
the U.S. Public Health Service En- 
vironmental Health Center, systemati- 
cally investigated the various factors 
influencing the bactericidal action of 
chlorine in water treatment. In these 
studies, tests were made using free 
available chlorine with no trace of 
combined available chlorine present 
and combined available chlorine with 
no free available chlorine present. 
The tests were made at pH values 
ranging from 6.5 to 10.7 in two tem- 
perature ranges of 2°-5°C. and 20°- 
25°C. The organisms tested were 
Esch. coli, Aer. aerogenes, Pseudo- 
monas aeruginosa, S. typhosa and sev- 
eral strains of Shigella (dysentery) 
organisms. 
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Pig. 1. Action of Available Chlorine Re- 
sidual on Esch. Coli and 8. Typhosa 


The tests reported in the diagram above 
were performed at a pH value of 7.0 and 
temperatures of 20°-25°C. The curves 
indicate the effect of available chlorine 
residual on four species of bacilli. They 
may be identified as follows: 

A—Esch. coli with free available chlorine 

B—Esch. coli with combined available chlorine 


C—S. typhosa with free available chlorine 
D—S. typhosa with combined available chlorine 


They found that, in general, the pri- 
mary factors governing the bactericidal 
efficiency of both free available chlorine 
and combined available chlorine were 
the following : 

1. The time of contact of the organ- 
isms and the bactericidal agent—the 
longer the time, the more effective the 
disinfection. 

2. The temperature of the water in 
which contact is made—the lower the 
temperature, the less effective the 
disinfection. 
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3. The pH of the water in which 
contact is made—the higher the pH, 
the less effective the disinfection. 

Thus, when a combination of high 
pH and low temperature is encoun- 
tered, the poorest results are to be 
anticipated. 


Influence of pH 


Data are presented in Fig. 1 for tests 
carried out at a pH value of 7.0 and a 
temperature of 20° to 25°C. It may 
be observed that, with all residuals 
tried, the strains of S. typhosa tested 
were more resistant to free available 
chlorine than Esch. coli. With a com- 
bined available chlorine concentration 
of less than approximately 0.75 ppm., 
S. typhosa was slightly more resistant 
than Esch. coli, whereas with greater 
concentrations, S. typhosa was slightly 
more sensitive. 

At a pH of 9.5 and a temperature 
of 20°-25°C. the difference in sensi- 
tivity of Esch. coli and S. typhosa was 
greatly reduced for both free and com- 
bined available chlorine, with practi- 
cally no variation in the rate of kill 
being apparent for either (Fig. 2). In 
summing up all the data about free 
available chlorine Wattie and Butter- 
field (17) stated: 

1. At pH values of 6.5 and 7.0, ty- 
phosa strains were consistently more 
resistant than coliform strains. 

2. At pH 7.8, coliform strains were 
more resistant with concentrations of 
free available chlorine exceeding 0.03 
ppm. 

3. At pH 8.5 and above, all strains 
of Esch. coli tested were consistently 
as resistant, and usually much more 
resistant, to free available chlorine than 
any S. typhosa strains. Although the 
range of probable error did not permit 
determination of the point between pH 
7.0 and 8.5 where a “change-over” in 
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Fig. 2. Action of Available Chlorine Re- 
sidual on Esch. Coli and 8S. Typhosa 


The tests reported in the diagram above 
were performed at a pH value of 9.5 at 
temperatures of 20°-25°C. With this 
pH, the difference in sensitivity of Esch. 
coli and S. typhosa was greatly reduced 
with both free and combined available 
chlorine, practically no variation in the 
rate of kill being apparent for either. 
The curves may be identified as follows: 

A—Esch. coli with free available chlorine 

B—Esch. coli with combined available chlorine 


C—S. typhosa with free available chlorine 
D—S. typhosa with combined available chlorine 


sensitivity occurred, the consistency of 
the results at pH 6.5 and 7.0 and at 
pH 8&5 or above left no doubt of the 
existence of the “change-over.” 

Only slight differences were ob- 
served in the sensitivity of the two 
genera when combined available chlo- 
rine was used as a bactericidal agent. 
In a few tests Esch. coli was more 
resistant to combined available chlorine 
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Fig. 3. Effect of Temperature on Action 
of Combined Available Chlorine 


The effect of variations in temperature 
on the bactericidal efficiency of combined 
available chlorine is shown in the dia- 
gram above. The average results ob- 
tained after 60 minutes’ exposure in wa- 
ters with a pH value of 8.5 are plotted 
against the residual chlorine in parts per 
million. The curves may be identified as 
follows: 


Genus TEMPERATURE 


20°-25° 


B—S. typhosa 
“Shigella sonnei 
D 

E—S. typhosa 


-Esch. coli 


A—Esch. coli 


F—Shigella sonnei 

than S. typhosa, particularly at pH 7.8 
and 10.5, but in general they were 
about equally sensitive. 


Temperature 


The effect of variations in tempera- 
ture on the bactericidal efficiency of 
combined available chlorine is shown 
in Fig. 3. The average results ob- 
tained after 60 minutes’ exposure in 
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waters with a pH value of 8.5 at tem- 
peratures of 20°-25°C. and 2°-6°C, 
for Esch. coli, S. typhosa and Shigella 
sonnei are plotted against the residual 
chlorine in parts per million. The 
marked effect of the 20° temperature 
differential is quite apparent. It is ap- 
proximately the same for each of the 
three genera shown. It may be noted 
that, with the same exposure time, ap- 
proximately 2.5 times (range 1-4) as 
much combined available chlorine was 
needed to produce a kill of 100 per 
cent at the lower temperature. 

The influence of temperature on the 
Esch. coli kill was not marked in water 
with a free available chlorine and a 
pH value of 7, except at a residual of 
0.02 ppm. With residuals of 0.03 ppm. 
and more, the results obtained at each 
temperature were approximately iden- 
tical. At pH 9.8 and 10.7, the tem- 
perature effect was much more pro- 
nounced throughout the range of avail- 
able chlorine tried; much more chlo- 
rine was required during the same time 
span at a temperature of 2°-5°C. than 
at a temperature of 20°-25°C. The 
influence of temperature on the bac- 
tericidal efficiency of free available 
chlorine for S. typhosa at pH 7.0 and 
9.8 is similar to that for Esch. coli, At 
pH 7.0, temperature apparently has 
only a slight influence on the toxicity 
of free available chlorine for S. ty- 
phosa; whereas at pH 9.8 approxi- 
mately three times as much free avail- 
able chlorine is needed to produce the 
same results at 2°-5°C. as at 20°-25°C. 


Genus Sensitivity 


The results obtained with five genera 
at a pH value of 7.0 and a temperature 
range of 20°-25°C. are shown in Fig. 
4. The most resistant was Aer. aero- 
genes with S. typhosa, Shigella dysen- 
teriae, Esch. coli and Ps. aeruginosa, 
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Fig. 4. Sensitivity of Five Genera of 
Bacteria to Chlorine Treatment 


The results obtained with five genera at 
a pH value of 7.0 and a temperature 
range of 20°-25°C. are shown in the dia- 
gram above. The curves may be iden- 
tified as follows: 


A—Esch. coli (2 strains) 

B—Aer. aerogenes (2 strains) 
C—Ps. aeruginosa (2 strains) 
D—E., typhosa (2 strains) 
E—Shigella dysenterie (3 strains) 


following in order. It may be noted 
that about 0.03 ppm. more free avail- 
able chlorine was required to obtain 
the same percentage of kill of the most 
resistant species as of the most sensi- 
tive species. At pH values of 8.5 and 
above and temperatures of 20°-25°C., 
S. typhosa was found to be most sensi- 
tive to the effects of the chlorine, Esch. 
coli rated next and Ps. aeruginosa 
proved to be the most resistant. When 
the two temperature ranges—2°-5°C. 
and 20°-25°C.—were compared at pH 
7, S. typhosa and Esch. coli proved to 
be about equally sensitive. At pH 9.8, 
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Fig. 5. Resistance of Five Genera of Bac- 
teria to Combined Available Chlorine 


The average percentage of survival of 
the various genera are plotted against the 
residual chlorine in parts per million. A 
pH value of 7.8 and temperatures of 20°- 
25°C. were used. The curves may be 
identified as follows: 


A—Esch. coli 

B—Aer. aerogenes 
C—Ps. aeruginosa 
D—S. typhosa 
E—Shigella dysenteriae 


however, Esch. coli was definitely more 
resistant to free available chlorine than 
S. typhosa. 

The variations in the resistance of 
five genera to combined available chlo- 
rine at pH 7.8 and 20°-25°C. are 
shown in Fig. 5. The average per- 
centage of survival of the various gen- 
era are plotted against the residual 
chlorine in parts per million. Of the 
five genera dealt with, Aer. aerogenes 
strains were the most resistant and the 
Shigella dysenteriae the least resistant. 
Esch. coli, Ps. aeruginosa and S. ty- 
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phosa showed similar sensitivities fall- 
ing about midway between the two ex- 
tremes. At a pH above 7.8, the order 
of sensitivity may show some vari- 
ations with increased residuals; the 
trends, however, are about the same as 
at pH 7.8. At the 2°-5°C. tempera- 
ture range, it has been shown in Fig. 3 
that no marked differences in sensi- 
tivity are apparent for Esch. coli, S. 
typhosa and Shigella sonnei. In gen- 
eral Esch. coli appears to be slightly 
more resistant than the other two. 

Butterfield (20) summarized the ob- 
servations made by his group and pro- 
posed minimum safe residuals of free 
and combined available chlorine to be 
used. These proposals represented lib- 
eral safety factors in addition to the 
observed amounts of chlorine required 
under various combinations of pH and 
temperature. 


Conclusions 


1. Observations on the relative sur- 
vival of the species studied under vary- 
ing conditions of pH and temperature 
show that at pH values of 7.8 and less, 
with free available chlorine concentra- 
tions of 0.03 ppm. or less, S. typhosa 
was slightly more resistant than Esch. 
coli or Ps. aeruginosa. At all other 
concentrations of chlorine at pH of 7.8 
or less and at pH values of 85 or 
greater the reverse was true. 

2. Unde: certain conditions, when 
combined available chlorine was used 
as a bactericidal agent, some strains of 
S. typhosa and Shigella sonnei ap- 
peared to be slightly more resistant 
than some strains of Esch. coli. They 
were not, however, found any more re- 
sistant than strains of Aer. aerogenes 
studied. 

3. Combined available chlorine is 
much less efficient as a_ bactericidal 
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agent than free available chlorine. To 
obtain a kill of 100 per cent with the 
same period of exposure, about 25 
times as much combined available chlo- 
rine as free available chlorine was re- 
quired. To obtain the same kill with 
the same amounts of free and combined 
available chlorine under the same con- 
ditions required approximately 100 
times the exposure period for the com- 
bined available chlorine. 

4. The proposed minimum safe chlo- 
rine residuals are about twice the aver- 
age amount required to kill the bac- 
terial species examined and are under 
all conditions of test appreciably 
greater than the amount of available 
chlorine required to kill the most re- 
sistant species. They allow a liberal 
safety factor to cover varying condi- 
tions of plant operation and the train- 
ing and experience of the plant 
operator. 

5. After evaluation of the available 
data it appears that the coliform group 
can be considered safe indicators for 
adequate treatment of bacterial content. 
Whether this consideration can be ex- 
panded to cover rickettsial and viral 
organisms that may be found in water 
is yet to be established. 
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. Effect of Stepwise Chlorination on Taste- and 
Odor-Producing Intensity of Some 
Phenolic Compounds 
By M. B. Ettinger and C. C. Ruchhoft 
A contribution to the Journal by M. B. Ettinger, Scientist, and C. C. 


Ruchhoft, Sanitary Engineer Director, U.S. Public Health Service, 
Environmental Health Center, Cincinnati, Ohio. 


N extended series of investiga- 

tions of the quality and intensity 
of the tastes produced by chlorination 
of various phenolic materials was re- 
ported by Adams (1) in 1931. In the 
light of present knowledge, the impor- 
tance of the precise values reported 
must be regarded as secondary, as 
there was no mention of the exact con- 
ditions of chlorination. Adams’ sum- 
mation of experimentally observed 
variations in group and individual sen- 
sory perceptions of tastes and odors 
produced by chlorinated phenolic ma- 
terials, however, is sufficiently funda- 
mental to deserve repetition at this 
time: 


Generally, women and children are far 
more sensitive to this taste than are men. 
The former are usually able to detect 
from one-fifth to one-tenth the minimum 
quantity observed by the latter. That 
the gustatory nerves are more sensitive 
toward this particular taste and hence 
that the taste limit is far below the odor 
limit has also been shown. About one- 
hundredth of the quantity detected by 
odor can be detected by taste. 


Discussing factors which affected his 
tests, Adams stated : 


the difficulties in taste experiments of 
this nature are considerable and may be 
thus summarized: (a) The practical im- 


possibility of working in an average ordi- 
nary chemical laboratory owing to ab- 
sorption of miscellaneous fumes and 
odors, (b) variability of tongues and 
palates, (c) influence of light, (d) oc- 
currence of taste-producing substances 
“normally” present in the control sample, 
(e) the chlorine dose, which in some 
cases may be a super dose, but an under 
dose in others and (f) period of con- 
tact—some tastes disappearing on stand- 
ing whereas others develop slowly. 


That a definite relationship affecting 
taste intensity exists between the chlo- 
rine dose and the phenol content is 
pointed out by Howard (2), and data 
presented in this paper are in complete 
agreement with that principle. Failure 
to make allowances for the operation 
of this variable limits the value of 
Adams’ observations. 

For the results to have any mean- 
ing, a procedure for measuring the 
sensory effects of chlorinated phe- 
nolic materials should satisfy these 
requirements : 

1. The conditions of chlorination 
should be rigidly standardized and 
should include a sufficient variation in 
the ratio of chlorine added to the 
amount of phenolic material present to 
allow the production of a mixture 
which will give the maximum sensory 
effect. 
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2. The sensory perception of the ob- 
server should be conserved as much as 
possible. Increasing concentrations of 
the material should be examined until 
the threshold of perception is deter- 
mined, in order to avoid saturating the 
observer’s olfactory or gustatory per- 
ception. Sufficient time should elapse 
following positive observation before 
subsequent examinations are conducted. 

3. The observer must not know the 
concentration of the material he is ex- 
amining. Thus, the observation re- 
ported will be a purely sensory obser- 
vation less subject to error caused by 
suggestion. 


Procedure 


The procedure for studying the ef- 
fect of variable controlled chlorination 
on the taste of phenolic materials is 
detailed below. 

1. Stock Solutions 

An aqueous 1,000-ppm. solution of 
the phenolic material under investiga- 
tion must be prepared, using chlorine- 
free and chlorine-demand-free water.* 
A small amount of NaOH may be 
added if necessary. If the solution is 
unstable (that is, 1-naphthol), it must 
be freshly prepared. If a solution of 
1,000-ppm. concentration cannot be 
prepared because of the low solubility 
of the compound, a 100- or a 10-ppm. 
solution (highly chlorinated phenols) 
may be prepared. 

2. Procedure 

A. Solution for chlorination 

A 1-ppm. solution of the phenolic 
material under investigation is pre- 
pared by adding the stock solution to 
newly prepared chlorine-demand-free 
distilled water in the indicated amount. 
Sufficient 10 per cent NaHCO, solu- 


*The stipulation “chlorine-demand-free 
water” entails that the water also be 
ammonia-free. 
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tion is then added to give 100 ppm. of 
NaHCO,,. 

B. Chlorination 

Using 500-ml. portions of the solu- 
tion prepared, a series of portions con- 
taining increasing amounts of chlorine 
are prepared. In general, a satisfac- 
tory series comprises the following 
chlorination steps: 0, 0.5, 1, 1.5, 2, 3, 
4, 5, 6, 7, 8, 9 and 10 ppm. of chlorine. 
The chlorine solution may be added in 
the form of a standardized chlorine 
water solution or a chlorine water solu- 
tion with just sufficient NaOH added 
to remove the green color. This latter 
type of solution is designated as “hypo- 
chlorite” in the discussion, and it has 
been used at times to increase the sta- 
bility of chlorine solutions. 

The solutions are allowed to stand 
in the light, but not where they will not 
be exposed to direct sunlight or strong 
illumination. After two hours, the pH 
is determined (electrometrically) and 
the p-aminodimethylaniline flash test 
(4) is made. If the pH is unsatisfac- 
tory (below 7.0), a new series is set 
up, using more bicarbonate buffer. If 
several portions do not react positively 
in the flash test, additional units are 
added to the series using more chlo- 
rine; this condition is rarely encoun- 
tered, however. 

After 18-24 hours the pH, the p- 
aminodimethylaniline flash test and the 
total residual chlorine by normal ortho- 
tolidine procedure (5) are determined. 
If there are no positive flash tests, a 
breakpoint series has not been ob- 
tained. Before tasting, samples show- 
ing residual chlorine by the orthotoli- 
dine test are dechlorinated by the addi- 
tion of small amounts of 1 per cent 
sodium sulfite solution. The addition 
of too much sodium sulfite may be 
avoided by adding it in small incre- 
ments; the solution should be mixed 
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by shaking after each increment and 
then tested for residual chlorine with 
orthotolidine reagent on a spot plate. 
A small quantity of the reagent is also 
added after the spot plate test becomes 
negative. 

The approximate taste threshold is 
estimated from test samples on the 
basis of odor observations and cut-and- 
try tests on increasingly concentrated 
dilutions of the chlorinated subsample. 
With two men working as a team, a 
series of dilutions of the chlorinated 
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steps further until unmistakable tastes 
are encountered. A typical test series 


might proceed as follows, assuming a 
threshold of 400: 


Dilution or Blank 1 


Order of Tasting 


Observer's 
Reaction ++ 4+ - + - = 
All samples not showing a positive 

p-aminodimethylaniline flash test ‘are 

tasted, as are a sufficient number of 


samples showing free chlorine to indi- 


TABLE 1 
Effects of Stepwise Chlorination of 1 ppm. Phenol on Taste Intensity 


2-hour Observations 


24-hour Observations 


Chlorine 
Added 


pH Flash* 


Residual 
(o-t.) 


Dilutions to 


Flash* Threshold 


7.8 
7.9 
8.1 
8.2 
8.3 
8.2 
8.1 
7.9 
7.8 
7.8 
7.6 


5 
5 


0 
0. 
1 
2 
3 
4 
5 
6 
8 
0 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
trace 
0.24 
0.90 


* p-Aminodimethylaniline flash test. 


subsample in “odor-free” water is 
then prepared. The series should be 
designed to give some positive and 
some negative taste tests. The ob- 
server must taste the series of diluted 
samples without knowing the concen- 
tration he is tasting. Blanks are in- 
serted in the series to insure that each 
portion is impartially examined. The 
more diluted portions are tasted first 
so that the observer’s sense of taste 
will not be impaired by grossly flavored 
solutions. When the observer has en- 
countered the first positive taste test 
the observation is carried one or two 


cate the pattern of the tastes remaining 
after free residual chlorination, 


Step Chlorination 


All of the taste studies reported in 
this paper represent the sensory re- 
actions of one observer. The data pre- 
sented are therefore comparative in 
terms of a given observer and subject 
to variations in the sensory acuteness 
of that observer. The observer was a 
male with a consistent but not hyper- 
sensitive sense of taste. It would ap- 
pear likely, therefore, that a very con- 
siderable number of people might be 


1 B 1 B 1 1 

100 200 400 800 1600 i 
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pH 

+ 7.9 - 1 
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able to detect much smaller portions 
than the minimum amount reported by 
this observer. 

The data presented are based on 
chlorination reactions carried out in 
the presence of diffused sunlight of 
variable intensity during the first seven 
or eight hours of chlorination. Expo- 
sure to direct sunlight was avoided. 


600 T T 
24-hour Flash Reaction } 
--- - + + 
500 
3400 
c 
2 
5300 3 
a Lowest Dilution 
Tasted 
3200 29 
= 
Residual Chlorine 1s 
(by o- 
x a 
i 


0 
6 8 10 
Chlorine Added—ppm. 


Fig. 1. Effect of Stepwise Chlorination on 
the Taste Intensity of 1 ppm. of Phenol 


of 
N 


From bench results of a stepwise chlo- 
rination of phenol it may be seen that the 
effect of the chlorination is, first, to in- 
crease the taste intensity of the solution 
enormously. When a maximum taste in- 
tensity has been reached, further chlori- 
nation results in a progressive decrease in 
taste until the solution no longer has a 
detectable taste. 


The pH of the reaction mixtures was 
found to vary between 7.0 and 8.4. 
Because of this variation, the data may 
not be strictly reproducible, and there 
is a possibility that different results 
might be obtained at other pH values 
or with different exposures to light. 
The source of the phenol, the cresols 
and the l-naphthol used has been de- 
scribed (6). The chlorinated phenols 
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used were laboratory-purified chemi- 
cals supplied through the courtesy of 
the Dow Chemical Co. 

The bench results from a stepwise 
chlorination of phenol are presented in 
Table 1 and these data are graphically 
presented in Fig. 1. A similar set of 
results for para-cresol are given in 
Table 2 and presented graphically in 
Fig. 2. It may be seen that the effect 
of the chlorine is, first, to increase 


3,000 
| 24-hour Flash Reaction | 
--- +++ + + 
2,500 
B2,000}- 4 
\ 
c 
31,5001 36 
a Lowest Dilution 
Tasted 2 
22 
\ A 3 
500 { 13 
(by o-t.) 
4 
0 2 4 6 8 10 


Chlorine Added — ppm. 


Fig. 2. Effect of Stepwise Chlorination 
on the Taste Intensity of 1 ppm. of 
Paracresol 


The bench results of a study of stepwise 
chlorination of p-cresol show that small 
differences in the amount of chlorine 
added have a great effect on the taste 
intensity of the solution. 


enormously the taste intensity of the 
solution. When a maximum taste in- 
tensity has been reached, further chlo- 
rination results in a progressive de- 
crease in taste until the solution no 
longer has a taste detectable by the 
observer. 

The chlorinated phenols which re- 
sult from the usual reactions of chlo- 
rine with phenol, and the 2-, 3-, 4-, and 
6-tetrachlorophenol and _pentachloro- 
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TABLE 2 
Effects of Stepwise Chlorination of 1 ppm. Para-cresol on Taste Intensity 


2-hour Observations 


24-hour Observations 


Chlorine 
Added 


ppm. 


pH Flash* 


= 


Residual 
(o-t.) 


Dilutions to 
Threshold 


7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 | 


| 


SNA 


| 


++++H | 


* p-Aminodimethylaniline flash test. 


phenol have been studied by the pro- 
cedures outlined. The principal fea- 
tures of this material are reported in 
Table 3. It will be noted that some 
of the chlorophenols studied could not 
be tasted in 1-ppm. concentrations, or 
in any solution prepared by the chlo- 
rination of a 1l-ppm. concentration. 


For those chlorophenols which had a 
detectable taste, Fig. 3 shows the vari- 
ation of the taste intensity as a func- 
tion of the amount of chlorine added. 

It is interesting to note that among 
the chlorophenols studied, only 2- 
chlorophenol had an especially intense 
taste. It will be further observed that 


TABLE 3 


Stepwise Free Residual Chlorination Studies of Some Phenolic Materials* 


Dilution to 
Threshold, 
Unchlorinated 


Material 


Chlorine 
at Maximum 
Taste 
ppm. 


Chlorine 
Required to 
Eliminate 
Taste 
ppm. 


Dilution to 
Threshold at 
aste 
Maximum 


Phenol Ot 
o-Cresol 10 
m-Cresol 4 
p-Cresol 50 
1-Naphthol 30 
2-Chlorophenol 100 
4-Chlorophenol 2 
2-, 4-Dichlorophenol 4 
2-, 4-, 6-Trichlorophenol Ot 
2-, 4-, 5-Trichlorophenol ot 
2-, 3-, 4-, 6-Tetrachlorophenol ot 
Pentachlorophenol 


om 


* Contact time, 24 hours; 1 ppm. solutions studied. 
t Could not be tasted by observer, 
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3 800 
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2 

0 
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| | Chlorine 
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400 7 4 
800 5 
1000 5 
2000 3 
400 3 
0 - 
0 
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2-chlorophenol increases in taste inten- 
sity as a result of partial chlorination. 

The chlorophenols studied include 
all the chlorinated phenol compounds 
which might reasonably be expected to 
result in appreciable quantity from the 
chlorination of phenol. Thus, it seems 
highly improbable that any of the usual 
chlorinated phenols are responsible for 
the “chlor phenol” taste. This conclu- 


1,000 


\ 


rthochlorophenol\ 


\ 
\ 


\ 


2 
Qa 
2 


+L 
\ 


Dichiorophenol%\ 


0 1 2 3 4 5 
Chlorine Added —ppm. 


Fig. 3. Effect of Stepwise Chlorination on 
the Taste Intensity of 1 ppm. of Phenol 
and Some Chlorophenols 


1 


The variation of the taste intensity of 

those chlorophenols which had a taste is 

shown as a function of the amount of 
chlorine added. 


sion is emphasized by the fact that 
o-chlorophenol, considered by Adams 
(1) to be the cause of “chlor phenol” 
taste, undergoes a very considerable 
increase in the intensity of its taste as 
the result of partial chlorination. 
While the data furnish a good deal 
of evidence concerning materials which 
are not the cause of the “chlor phenol” 
taste, there is nothing to indicate the 
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exact nature of the material of the re- 
actions causing these tastes and odors. 

The bench results of a study of step- 
wise chlorination of p-cresol are given 
in Table 2 and graphically presented 
in Fig. 2, These data are of particular 


8 


\ 
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+ Paracresol 


Metacresol 


Lowest Dilution Tasted, Plus 1 


x + 


~ 


LAlphanaphthol ? 


N 


te) 1 2 3 4 
Chlorine Added — ppm. 


Fig. 4. Effect of Stepwise Chlorination on 
the Taste Intensity of 1 ppm. of Some 
Common Phenolic Materials 


1 


That the cresols all have chlorination- 
taste-intensity relationships very similar 
to phenol is shown above. The addition 
of chlorine increases the taste intensity 
until a maximum taste intensity is 
reached, after which further increments 
of chlorine result in a progressive de- 
crease of taste until it is no longer 
detectable. 


interest because they demonstrate that 
small differences in the amount of chlo- 
rine added had an enormous effect on 
the taste intensity of the solution. 
Table 3 presents the principal fea- 
tures of stepwise free residual chlo- 
rination studies of the three cresols and 
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l-naphthol along with similar data for 
phenol and various chlorinated phe- 
nols. The effect of variable additions 
of chlorine on the taste intensity of the 
cresols and !-naphthol is shown graphi- 
cally in Fig. 4. 

That the cresols all have chlorination- 
taste intensity relationships very simi- 
lar to phenol is shown in Fig. 4; the 
addition of chlorine increases the taste 
intensity until a maximum is reached, 
after which further increments of chlo- 
rine result in a progressive decrease 
of taste level until it is no longer 
detectable. 

With 1I-naphthol, on the other hand, 
chlorination does not cause an increase 
in taste intensity, a decrease in taste 
being noted at all times as chlorine is 
added. 


Conclusions 


1. The phenolic materials studied fall 
into three principal groups, as deter- 
mined by the results of stepwise partial 
chlorination of 1-ppm. concentrations : 

a. Phenolic materials which have 
their taste-producing intensity enor- 
mously increased by partial chlorina- 
tion until a maximum taste intensity is 
reached, after which further addition 
of chlorine results in a progressive de- 
crease of the taste intensity until the 
“chlor phenol” taste can no longer be 
detected. This group of materials in- 
cludes phenol, the cresols and o- 
chlorophenol. 

b. Phenolic materials which have 
their taste intensity progressively de- 
creased by chlorination. This group 
includes Il-naphthol and 2-, 4-dichloro- 
phenol, among the limited number of 
compounds studied. 

c. Phenolic materials of limited in- 
tensity as taste-producing substances 
in small concentrations. This group 
includes 4-chlorophenol and all the 
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phenols studied which had three or 
more positions chlorine substituted. 

The taste of the 4-chiorophenol com- 
pound was enhanced slightly by chlo- 
rination, but never reached a high in- 
tensity, whereas the other materials 
mentioned were never detectable by 
the observer. 

2. Chlorination beyond the break- 
point, with sufficient time allowed for 
reaction, resulted in substantially no 
“chlor phenol” tastes. The indication 
is that true free residual chlorination, 
in which all reactions which consume 
free chlorine have been allowed to oc- 
cur, will eliminate the “chlor phenol” 
tastes caused by the compounds stud- 
ied. A system must show a truly 
stable free chlorine content, however, 
as shown by either electrometric evi- 
dence or the p-aminodimethylaniline 
flash test. In various partially chlo- 
rinated systems, which show a positive 
reaction to orthotolidine or starch- 
iodide tests but do not actually contain 
a real stable free chlorine residual, the 
“chlor phenol” medicinal tastes occur. 


References 


1. Apams, B. A. Substances Producing 
Tastes in Chlorinated Water. Water 
& Water Eng., 33:387:109 (1931). 

. Howarp, Norman J. H. Modern Prac- 
tice in the Removal of Taste and Odor. 
Jour. A.W.W.A., 9:766 (1922). 

. THomas, H. A., Jr. Calculation of 
Threshold Odor. Jour. A.W.W.A., 35: 
751 (1943). 

. Moore, W. Arran. Use of p-Amino- 
dimethylaniline as an Indicator for Free 
Chlorine. Jour. A.W.W.A., 33:2079 
(1941). 

. Standard Methods for the Examination 
of Water and Sewage. Am. Public 
Health Assn. & Am. Water Works 
Assn., New York (9th ed., 1946), p. 93. 

. Ertrncer, M. B., & Rucunort, C. C. 
A Study of the Determination of Phenol 
and Structurally Related Materials by 
the Gibbs Method. Anal. Chem., 20: 
1191 (1948). 


|| 
} 
| 
h 
— 
q 
5 
wen 


Ecology of Significant Organisms in Surface 
Water Supplies 


By C. M. Tarzwell and C. M. Palmer 


A paper presented on September 29, 1950, at the Rocky Mountain Sec- 
tion Meeting, Santa Fe, N.M., by C. M. Tarzwell and C. M. Palmer, 
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T is recognized that the preparation 

of water for urban consumption 
should free it of all materials which 
might make it harmful to health or 
which might limit its use by household- 
ers and by industries. Although 
whether or not the water should be 
freed of all chemicals may be contro- 
versial, it is agreed that water should 
not contain microorganisms. Disease- 
producing forms must be eliminated, as 
well as those causing turbidity, un- 
sightliness, tastes and odors. 

Other microorganisms, if present in 
water, cause trouble when the product 
is used in such enterprises as paper 
manufacture and the dairy industry. 
These organisms can also cause trouble 
in the water works by clogging filters 
and water lines or by multiplying in 
storage basins, even after the water has 
been purified and is otherwise ready 
for use. 


Scope of Problem 


It must be emphasized that, although 
in the final purification of water for 
urban use the algae and other micro- 
organisms should be eliminated or re- 
duced to a minimum, it is often neither 
practical nor desirable to carry this out 
in the streams and reservoirs. The 


preliminary handling of the water in 
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these streams and reservoirs calls for 
practices which will control the num- 
ber and kinds of organisms in a man- 
ner that will preclude such troubles as 
blooms, tastes and odors and clogging 
of the filters at the purification plant. 
Chemical control requires periodic 
applications which may be harmful to 
other forms of life. It is also very 
costly in large bodies of water, or where 
treatment is required over considerable 
periods. This type of control is fur- 
thermore economically unfeasible in 
large streams when only a fraction of 
the total flow is used. Known methods 
of chemical control are also ineffective 
for some types of organisms. For ef- 
fective control, it may be necessary to 
combine biological and chemical meth- 
ods and to neutralize or adsorb offend- 
ing substances at the water plant. 
The control of tastes and odors has 
become an outstanding problem to wa- 
ter plant operators. The depletion of 
ground water supplies and increases 
in population, with greater domestic 
and industrial demands, are making it 
necessary for more and more munici- 
palities to turn to surface water sup- 
plies. Because ground waters are usu- 
ally quite free of living organisms, this 
change in the source of supply greatly 
extends the problem. Surface waters 
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support populations of organisms of 
which some may be responsible for the 
production of tastes and odors in wa- 
ter supplies. 

For those communities which take 
their supplies from muddy streams, the 
widespread impoundment program may 
create problems where none existed be- 
fore. This dilemma may arise because 
the removal of silt in the reservoirs al- 
lows greater light penetration which 
in turn promotes algal growths. Stor- 
age reservoirs also often produce 
blooms of taste- and odor-producing 
organisms. 

A variety of factors influence the bio- 
logical productivity of reservoirs. A 
lake or reservoir is biologically pro- 
ductive in direct proportion to the fer- 
tility of the land which forms its basin 
and the surrounding watershed, and to 
the amount of fertilization applied to 
the soil of the watershed, or arising 
from domestic or organic pollution. 
Temperature, sunlight, turbidity, char- 
acter and amount of rainfall, shape and 
depth of basin, type and extent of flats, 
mode of operation, amount of return 
irrigation water, wind action and the 
amount of evaporation with the result- 
ing concentration of salts, all influence 
biological productivity. 

Physiological studies and a knowledge 
of the ecology, life history and the re- 
quirements of the various species of 
taste- and odor-producing organisms 
are of importance in providing a suit- 
able water supply. Such studies are 
basic requisites for biological control 
that is the cheapest and most effective 
method, when adequate methods can be 


developed. 
Classes of Microorganisms 


Microorganisms in water include the 
protozoa and other small animal forms 
—collectively known as zooplankton— 
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and the bacteria, actinomycetes, molds 
and algae—collectively known as the 
phytoplankton if they are unattached. 

The importance of the algae in par- 
ticular should be emphasized. Algae 
contain yellow and green, and often 
blue, red and brown pigments. They 
vary greatly in size: the smallest are 
approximately the size of bacteria; the 
larger forms are easily visible without 
magnification. 

The major groups of algae include 
the diatoms, desmids, blue-greens, 
sedentary greens and the pigmented 
flagellates. Their genera and species 
number in the hundreds and even in 
the thousands. It is probable, how- 
ever, that a relatively small number 
will be found to be of particular impor- 
tance to those interested in water 
purification. 

Diatoms, for example, were found to 
comprise 98 per cent of the total spring 
crop of algae in western Lake Erie, 
with one genus, Asterionella, being 
predominant. In the late summer and 
autumn, greens and blue-greens often 
constitute more than 50 per cent of the 
crop, with Oscillatoria and Aphanizo- 
menon predominating. The algae on 
the river beds of highly calcareous 
streams in England constitute a single 
community throughout the year, domi- 
nated by Cocconeis, Ulvella and 
Chamaesiphon. 

It will eventually be possible to rec- 
ognize all of the dominant forms of 
algae. The other forms will be of im- 
portance only if they are known to be 
indicators of a significant change in the 
algal population which would require 
special treatment of the water. 


Importance of Algae 


Algae are probably less troublesome 
than silt in clogging filters in purifica- 
tion plants, but both algae and bacteria 
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are significant producers of slime in 
water and many of the organisms caus- 
ing odor and taste in water are algae. 

Algae seldom cause illness to hu- 
mans, but they have been responsible 
for the extensive killing of fish, and 
in causing illness or death to cattle. 
They may also be responsible for im- 
parting some toxicity to fish and 
shellfish. 

On the other hand, their liberation 
of oxygen into the water greatly stimu- 
lates the self-purification of streams. 
Algae are also a basic constituent in 
the food chain for fish life. 

The ability of algae to utilize carbon 
dioxide is significant to the water plant 
engineer. In order to prevent corro- 
sion or precipitation of calcium car- 
bonate, the engineer attempts to main- 
tain a calcium carbonate solubility 
equilibrium in the water. The carbon 
dioxide content of the water affects 
this equilibrium. 


Classifying Algae 

The algae are generally put into two 
groups, according to their location in 
the water. The forms which attach 
themselves to the bottom and sides of 
the body of water are called “phyto- 
benthon,” while the unattached forms 
which float or are dispersed throughout 
the water are called “phytoplankton.” 
There is an obvious relationship be- 
tween the algae of the two groups. 
Storms and other disturbances release 
some of the attached, benthonic forms, 
causing them to become part of the 
plankton. 

It has been found, for example, that 
Scenedesmus obliquus, Navicula viri- 
dula and Cocconeis are common river- 
bed forms which also occur in quantity 
in the plankton. The shallower the 
river, the larger is the area of river bed 
exposed to sufficient light to support 
growth of green plants, and, therefore, 
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the larger the number of sessile algae 
able to act as a source of supply for 
plankton. 

Water from deep wells is practically 
free of all organisms, so that if such 
sources could be used exclusively, 
many water treatment problems would 
become comparatively simple. It is, 
however, becoming increasingly neces- 
sary to rely upon surface waters of 
streams, rivers, lakes and impound- 
ments, in which algae and the other 
microorganisms are invariably present. 


Impoundment Projects 


During the past twenty years, there 
has been a great increase in the num- 
ber of impoundments. Dams _ have 
been built on all major streams for the 
impoundment and storage of water 
for a variety of uses. The Tennessee 
Valley Authority is an outstanding ex- 
ample of the unified development of a 
river system. The great success ob- 
tained in the Tennessee Valley is due 
largely to the multiple use program and 
has encouraged similar programs on 
other watersheds. Programs are now 
under way, or are being formulated, 
for extensive water control activities 
on the most important streams. 

These extensive impoundments will 
have far-reaching beneficial effects, but 
they may also create problems, espe- 
cially through their influence on do- 
mestic water supplies. Water works 
supervisors charged with the provision 
of potable water supplies are appre- 
hensive of the effects of such impound- 
ment on the streams from which they 
obtain their supplies. Past experience 
has shown that algae and other 
growths in some impoundments pro- 
duce tastes and odors which are diffi- 
cult to control or remove. 

Another pressing problem facing 
those people who are engaged in the 
provision of suitable drinking water 
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supplies is how a dam, or a series of 
dams, will affect the potability of the 
waters of a stream. There is currently 
little definite information which can be 
applied to predict the effects of a given 
impoundment, or series of impound- 
ments, on public water supplies that 
are drawn from surface waters. It is 
apparent that this question should be 
given immediate consideration and ex- 
tensive investigation. That it is a com- 
plicated one is indicated by the findings 
from biological studies and investiga- 
tions that have been undertaken on im- 
poundments in various parts of the 
country. 

In these impounded waters, the algae 
may become so abundant that they are 
readily visible to the naked eye as col- 
ored masses of pond scum, but much 
smaller concentrations can still be sig- 
nificant. A quart of water showing no 
signs of algae to the naked eye will 
often contain a population sufficient to 


clog the sand in a Sedgwick-Rafter 
_ filter. 


Control of Algae 


The common practice for controlling 
such growths is to treat the water with 
copper sulfate. Algae vary greatly in 
their resistance to this chemical, and 
some groups require applications many 
times stronger than the amount neces- 
sary to control the more sensitive spe- 
cies. The range in sensitivity is ap- 
proximately 1-100. In some situations 
chemical treatment is very difficult, and 
it is usually costly. Copper sulfate is 
also not effective in controlling some 
taste- and odor-producing organisms. 
An alternative that may be desirable, 
therefore, is biological control by ma- 
nipulation of the environment. Such 
control, however, is dependent upon a 
thorough knowledge of the ecological 
requirements and life history of the 
organisms which are to be controlled. 


ECOLOGY OF ORGANISMS 


571 


Often chemical and biological control 
may be combined. 

The phytoplankton in streams, lakes 
and impoundments vary greatly in 
quantity throughout the year. There 
are so many kinds, and so many physi- 
cal and chemical factors which affect 
their growth, that a thorough knowl- 
edge of the algae and the water source 
concerned is essential to control the 
organisms. Pennak (1) found diatoms 
becoming abundant at different months 
of the year in different lakes in Colo- 
rado. In Beasley Lake they were 
abundant in January; in Gaynor Lake, 
April and May; in Allens Lake, June 
and July; and in Baseline Lake in 
November. 

Often the attempt to control the phy- 
toplankton is made after they have 
reached the purification plant in large 
numbers. Like any other epidemic, 
the best time to control it is before it 
has had a chance to become serious. 

Dead algae can clog filters as readily 
as living ones, and tastes and odors can- 
not always be controlled by merely 
killing the responsible organisms after 
they have reached the purification plant. 
It is necessary to know where the seed- 
ing areas for each alga are located and 
what combinations of factors will stim- 
ulate and what ones will retard the 
growth of the unwanted algae. 

The end products produced in sew- 
age decomposition serve, in general, as 
stimulants for algae, but also many 
algae are retarded in their spread by 
streams containing such materials. 
Some algae will grow better in streams 
with raw sewage; others are stimulated 
by sewage products; still others re- 
quire a stream relatively free of both 
sewage and its products. 


Natural Control Factors 


Algal growth is regulated by many 
chemical and physical factors of the 
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water, such as pH, silica content, ni- 
trates, carbonates, oxygen, phosphates, 
temperature, turbidity and water cur- 
rent. Hupp (2), for example, found 
that soluble silicates in the White River 
in Indiana decreased before increases 
occurred in diatom populations, but 
there was no correlation with other 
types of algae. He found that decreas- 
ing amounts of phosphates corre- 
sponded with an increase in phyto- 
plankton as the water moved down- 
stream, indicating that the algae prob- 
ably utilized the soluble phosphates in 
their metabolism. Nitrite and nitrate 
content of the water also decreased pre- 
vious to plankton pulses. He noted 
that, as water entered a canal, it con- 
tained only a trace of ammonia while 
algae were numerous. But as_ the 
water traveled through the canal, 
which received no outside pollution, 
the ammonia increased while the algae 
decreased. The increase in ammonia 
may have come from the decaying algal 
cells. 

It was noted in England that in- 
creased quantity of the benthonic alga, 
Cladophora glomerata, occurred during 
May and June as a result of large quan- 
tities of sewage in the river. Algae on 
river beds are observed to be more nu- 
merous where the current is fast, and 
the algae in the side pools connected 
with rivers are generally very different 
from those in the river itself. 

In the Great Lakes, turbidity caused 
by lake turnovers in the spring and fall, 
and by storms and winds between pe- 
riods of turnover, appears to exert a 
very important influence on seasonal 
growth and pulses of algae. Utiliza- 
tion of nutrients by phytoplankton is 
often controlled by turbidity. 

Many other examples might be cited 
to show how closely the growth of algae 
is associated with conditions in the 
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stream or lake. Effective control of 
algae therefore requires information on 
the chemical and physical condition of 
the water. Some water laboratories are 
already making it a part of their rou- 
tine work to collect such information, 
but are finding it difficult to use the 
data in actual control of the algae. 
Much of the information at present is 
too general, and there are too many 
conflicting statements on the effect of 
environment on algae. 


Actinomycetes 


Although much remains to be 
learned concerning the ecology and life 
history of algae and the basic causes 
of water blooms, even less is known 
of the actinomycetes, a group which 
may be of considerable importance in 
the production of tastes and odors, 
particularly in the Southwest. Very 
little is known of the members of this 
group which are found in lakes or 
reservoirs (3). 

Studies are needed to determine the 
organisms responsible for tastes and 
odors, their ecological requirements 
and life history, the offensive byprod- 
ucts which they produce, when they 
are produced, their durability and their 
chemical nature. This group may be- 
come of particular importance in im- 
poundments where fluctuating water 
levels create conditions differing from 
those found in natural lakes. It may 
be that some of the soil actinomycetes 
can adapt themselves to life within the 
fluctuation zone of these impoundments 
and produce problems that are not en- 
countered in lakes. 


Soil and Water Richness 


The problems of blooms and of 
tastes and odors produced by algae, 
actinomycetes or other organisms can 
be reduced to a consideration of the 
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richness of the water and soil, and the 
rate of utilization of this richness. 
Many factors influence or determine 
the biological productivity of reservoirs. 
The type of area flooded is of impor- 
tance, especially in small reservoirs or 
in those having a storage capacity 
which is large in relation to the total 
or constant flow. 

If peat bogs, mucky areas or marshes 
are flooded, a great deal of organic ma- 
terial is available and is constantly sup- 
plied to the reservoir areas for the 
production of algal blooms. If such an 
excess of organic material is available 
and stratification occurs, anaerobic de- 
composition takes place to produce foul 
odors, undesirable tastes and acid con- 
ditions. From the standpoint of water 
supply and wild life, these anaerobic 
and acid conditions are undesirable. 
When possible, it would be well to burn 
such areas in order to remove organic 
material as well as to produce an ash 
that would be chemically basic. 


Reservoir Clearance 


Reservoir clearance is also important. 
Clearing timber from the total reservoir 
area and removing or burning all vege- 
tation in the zone of fluctuation is of 
value for several reasons. This clear- 
ance removes a large amount of organic 
material and thus helps to reduce the 
initial peak of richness in a new reser- 
voir. At the same time, it permits 
seining as a commercial fishing onera- 
tion, improves navigation and condi- 
tions for boating in general, and is es- 
sential for the operation of a malaria 
control program. 

Reservoirs in areas having rich soils 
are much more productive than those in 
areas having poor soils. In limestone 
regions, and in those areas where the 
total alkalinity of the water is high, 
biological productivity is much greater 
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than in areas of granitic, sandstone or 
igneous rock formations. 


Land Use 


Land use is another factor to be 
considered. Reservoirs located in rich 
farming areas often have extensive algal 
growths and may have large algal 
blooms. Fertilization for field crops 
results in the addition of considerable 
amounts of materials, nitrates and phos- 
phates, which are essential for the pro- 
duction of aquatic populations. 

This situation is well demonstrated 
in the lower TVA reservoirs where the 
phosphates are in general the chief lim- 
iting chemical factor in phytoplankton 
production. Nitrates may be present 


in abundance, but they cannot be fully 
utilized unless phosphates are present. 
The TVA storage reservoirs are lo- 
cated in the mountainous areas of the 
upper valley and receive drainage from 
areas which are, in part, of igneous ori- 


gin and are not nearly as rich as the 
lower or run-of-the-river reservoirs. 
In Norris Reservoir, free or available 
phosphates are found in the upper por- 
tion near the entrance of tributary 
streams, but they are used up before 
the lower portion of the reservoir is 
reached. In the lower run-of-the-river 
reservoirs, where the valley is wider 
and cotton is cultivated, with attendant 
heavy fertilization, considerable 
amounts of phosphates are leached 
from the soil and added to the reser- 
voir. Productivity in these reservoirs 
is greater than in the storage reservoirs 
and is indicated by larger fish popula- 
tions and more rapid growth. 

The effects of surface drainage from 
rich farm lands are indicated by the 
immense algal blooms which occur in 
the small lakes and impoundments of 
Iowa. Algal blooms in these lakes are 
usually annual occurrences. The algae 
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are produced in such quantities that 
they actually form windrows on the 
shores of the lakes. 

The effectiveness of fertilizer in the 
production of plankton blooms is well 
illustrated by the use of fertilizer in 
farm fish ponds for the artificial produc- 
tion of plankton populations. These 
growths are of sufficient density to re- 
duce light penetration so that rooted 
aquatics cannot grow. 


Erosion 


In addition to dissolved nutrient 
substances, there are other watershed 
characteristics which affect biological 
productivity. Erosion on the water- 
shed is of outstanding importance. If 
the watershed has been severely eroded, 
a great deal of nonproductive sand and 
silt is added to the reservoirs. These 
materials tend to limit production of 
bottom organisms by a smothering ac- 
tion, and add very little fertility to the 
water because the enriching materials 
have already been leached out. Soil 
erosion also influences productivity in 
reservoirs by the creation of turbidity 
which limits light penetration and the 
growth of phytoplankton. 

If reservoirs are built in areas in 
which erosion has not been extensive 
previously, but in which it is increas- 
ing, however, much rich topsoil is re- 
moved and deposited in the reservoir 
to increase the richness of the bottom 
areas. During the period of draw- 
down, these rich silt flats are covered 
with dense growths of annual plants 
which, after flooding, add greatly to the 
richness of the reservoir, and may pro- 
vide favorable conditions for growth 
of actinomycetes. 

The deposition of rich soil is an an- 
nual occurrence that will maintain the 
productivity of a reservoir over long 
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periods. A classic example of this is 
the enriching of the Nile Valley, which 
serves as a temporary reservoir during 
the annual overflow of the Nile River. 


Inflow and Discharge Rates 


The relation of the rate of inflow and 
discharge to the storage capacity of a 
reservoir is also of importance in de- 
termining its biological productivity. 
Those reservoirs having a large storage 
capacity relative to their inflow gener- 
ally have an initial period of great 
productivity. Furthermore, because the 
water is stored over considerable pe- 
riods, there is an opportunity for the 
silt to settle and the resultant clearing 
of the water and deeper light penetra- 
tion encourage greater production of 
phytoplankton. 

In reservoirs of this type, especially 
if they are in narrow valleys, stratifi- 
cation of the water often occurs in the 
summer months, causing oxygen deple- 
tion and producing anaerobic condi- 
tions. If water levels are kept fairly 
constant and releases are small, there 
will be regular spring and fall turn- 
overs, resulting in the production of 
the usual peaks of plankton. 

Density currents will probably be 
produced in such reservoirs, and the 
level from which water supplies are 
drawn will influence the character of 
the water considerably. Intake towers 
should therefore be so constructed that 
water can be taken from any desired 
level. 


Reservoir Shape and Depth 


The shape of the reservoirs is also 
instrumental in determining their bio- 
logical productivity. Narrow, deep res- 
ervoirs having a minimum of shore line 
are generally not as productive over 
long periods as wide, shallow ones hav- 
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ing extensive flats, or large flat areas 
which are exposed by periodic draw- 
downs. 


Operational Schedules 


The schedule of operation of an im- 
poundment influences its productivity. 
Time of impoundment is also of im- 
portance. Reservoirs should, if pos- 
sible, be impounded during the winter 
months. This is desirable for several 
reasons. 

When impoundment is initiated and 
completed during the winter months of 
December or January, flats and shallow 
productive areas are covered before 
there is an extensive growth of grass 
or shrubs. This practice is of primary 
importance for malaria control. It 
also prevents extensive growth on the 
flats, of plants which on decomposition 
add to the richness of the water. These 
growths may also cause the extensive 
production of blooms and taste- and 
odor-producing organisms. 

Winter impoundment is desirable 
from the wild life standpoint because 
the reservoir is thereby filled before 
spawning activities of the most impor- 
tant game species take place. In this 
way, the valuable game species are 
given a good start in the first year of 
impoundment, and fishing in the reser- 
voir is much better during the first two 
years. 


Drawdown 


Time, extent and character of the 
drawdown influence productivity. 
From the standpoints of malaria control 
and wild life, water levels should be 
kept high and stable in the spring and 
as far into the summer as possible. 

Spring drawdowns that expose 
large, flat areas of the reservoir bot- 
tom may result in prolific marginal 
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growths of aquatic, semi-aquatic or 
marsh vegetation. Many plants are 
unable to initiate growth until they are 
dewatered, but even short drawdowns 
allow them to sprout. Once growth is 
initiated, these plants continue to grow 
even though they may subsequently be 
flooded. Early spring drawdowns or 
fluctuations with recession, therefore, 
tend to produce in the zones of fluctua- 
tion of many reservoirs dense stands 
of annual plant growths, which upon 
decay produce periodic peaks of rich- 
ness that may hinder the control of 
taste- and odor-producing organisms. 
In many reservoirs that have extensive 
flats, drawdowns which begin in the 
early spring and progress throughout 
the summer, result in dense growths of 
annual vegetation on the exposed flats. 


Withdrawal Level 


The level at which water is with- 
drawn from a reservoir is also of im- 
portance. Removal from the upper 
portion of surface layers often results 
in stratification during the summer 
months. Removal from the bottom of 
the reservoir, however, tends to re- 
move the water as a unit, and stratifi- 
cation usually does not occur. Shortly 
after the construction of Wilson Reser- 
voir, for example, stratification was 
found to be very pronounced. Under 
the TVA schedule of operations, how- 
ever, there is no stratification of Wilson 
Reservoir during the summer months 
and, in September 1938, there was only 
0.5°F. difference in temperature be- 
tween the surface waters and those at 
a depth of 85 ft. Oxygen was present 
in adequate quantities at all depths. 

Under certain conditions, reservoirs 
may serve as areas in which organic 
materials are utilized by the aquatic 
life to such an extent that taste and 
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odor problems do not arise in the efflu- 
ent water. Yet it should be recognized 
that reservoir employment to utilize 
organic wastes and other elements 
causing the growth of algae or other 
taste- and odor-producing organisms 
must be carefully governed. 


Transfer of Pollution 


There are a number of factors that 
can result in the transfer of pollu- 
tion considerable distances downstream. 
Organic wastes entering reservoirs 
which are turbid, or which have side 
streams that make them turbid, may be 
acted upon and broken down by bac- 
teria which do not require light. Bac- 
terial activities convert the wastes into 
products which are normally usable by 
phytoplankton, but which cannot be 
utilized because of a lack of light. 
These may sometimes be transported 
considerable distances before the water 
clears sufficiently to allow the penetra- 
tion of sufficient light for the growth 
of phytoplankton. Undesirable blooms, 
with resultant taste and odor problems, 
may then be produced far from the 
sources of pollution. It should also be 
recognized that phytoplankton blooms 
in a reservoir may influence the char- 
acter of the water supply for great 
distances downstream because, even 
though the algae are killed upon enter- 
ing the stream, their decomposition 
products may be carried many miles 
before they are broken down or oxi- 
dized into materials which are not ob- 
jectionable. 


Rainfall 

The amount and character of the 
rainfall exerts an influence on algal 
growths. If heavy rains and floods, 
with their resulting turbidity, all occur 


during the winter months, while the 
summer rains are light and the water 
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becomes clear, algal populations will 
be much larger than they would be if 
conditions were reversed. 

Returning irrigation water may in- 
crease the fertility of a stream or res- 
ervoir appreciably and thereby influ- 
ence the growth of microorganisms. 
Raw sewage or sewage plant effluents 
serve as sources of growth-producing 
materials, and in small water areas 
usually result in blooms at some time 
of the year. 

Unstable conditions and _ great 
changes in water levels often disturb 
or reduce normal aquatic populations. 
If large portions of the normal popula- 
tion are killed off periodically, organ- 
isms having short life histories may 
increase in great numbers. Undesir- 
able blooms can thus occur before they 
can be controlled by the predators or 
competitors which keep them under 
control in a well balanced population. 
One of the valuable controls for algal 
blooms is a well balanced aquatic pop- 
ulation. 

An aquatic biologist or algologist 
with a knowledge of soils and their ef- 
fects on the growth of algae, actinomy- 
cetes and other taste- and odor-pro- 
ducing organisms should be consulted 
to insure the proper selection of res- 
ervoir sites that are to be used for wa- 
ter supplies. Although much more 
must be learned before the problems 
can be met adequately, a few measures 
which can be taken currently in the se- 
lection, construction and operation of 
reservoirs for water supplies are listed 
below. 

1. Whenever possible, a reservoir 
site should be selected where the soil 
is poor and where the sides of the res- 
ervoir are steep, so that there will be 
a minimum of flats and shallow bays 
favorable to the growth of aquatic vege- 
tation. 
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2. The addition of rich silt to the 
reservoir should be prevented through 
the control of erosion on the watershed 
by terracing, strip and contour farm- 
ing, maintaining soil cover, planting 
winter cover crops and controlling graz- 
ing, fires and lumbering operations. 


3. The operation of the reservoir * 


should limit water fluctuations, espe- 
cially during the spring and early sum- 
mer. This practice will prevent ex- 
tensive growths of semi-aquatics on 
exposed flats. Growths of this sort 
add organic materials which may be 
conducive to the growth of actinomy- 
cetes or other undersirable organisms. 
4. The operation of the reservoir 
should maintain ecological conditions 
which are favorable to permanent 
aquatic populations of the climax type, 
so that populations of short life his- 
tory forms are kept within bounds. Re- 
curring conditions unfavorable to the 
former result in huge populations of 
these latter forms, some of which may 
produce objectionable conditions, Un- 
der favorable conditions, blooms of 
these organisms develop rapidly when 
their natural predators and competitors 
have not yet become established. It is 
because of this fact that chemical con- 
trol, which is nonselective, may com- 
plicate the taste and odor problem. 


Conclusions 


In order that the algae and other or- 
ganisms in water may be controlled 
more efficaciously, there appear to be 
at least four major problems which 
must be given considerable study and 
research. 

The first of these is a comprehensive 
and accurate biological survey of 
streams, lakes and reservoirs whose 
waters are being used by cities and 
towns. This survey must include a 
comparison of the biota of natural and 
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of polluted water. The headwaters as 
well as the main body of the stream or 
lake must be examined. The genus, 
species and even variety of forms must 
be identified by experts. This primary 
and basic research cannot be left to 
general workers who have no _ back- 
ground for making the fine distinctions 
among the many kinds of microorgan- 
isms. The survey must be carried on 
over all seasons of the year. Data on 
the chemical and physical analyses of 
the water are also absolutely essential. 

The second problem is the pure-cul- 
ture study of each alga, actinomycete 
and other taste- and odor-producing 
organism found to be common, or in 
some other way significant, in the wa- 
ter. The employment of pure cultures 
has been an essential part of bacteri- 
ology for many years, but only meager 
use has been made of them on the taste- 
and odor-producing forms. The work 
will be slow and tedious, but it is neces: 
sary if the specific growth requirements 
of each kind of organism are to be 
learned. Although the technique of 
obtaining pure cultures of algae and 
actinomycetes has been improved and 
simplified in recent years, it still re- 
quires the services of workers who are 
highly skilled in the procedure. 

The third problem is the recognition 
of indicator forms among the algae. 
With bacteria, one learns to use such 
groups as the coliform as indicators 
of specific conditions in the water. 
Routine work in water laboratories can 
thereby be limited to a study of a com- 
paratively few forms which have been 
so selected as to offer a fairly complete 
picture of the condition of the water. 
The particular treatment to which the 
water is subjected is determined after 
tests for the indicators have been made. 
Although a number of algae are already 
recognized as indicators of general con- 
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ditions of water, much basic research 
is needed to select forms which can be 
relied upon to give specific and impor- 
tant information on impending changes 
in the algal population of the water. 

The fourth of these problems is the 
establishment of a regular, well planned, 
permanent, year-round sampling serv- 
ice for all important streams, lakes and 
reservoirs which, like the weather bu- 
reau, can supply water laboratories 
with periodic information about a body 
of water throughout its whole course. 
Interpretations predicting the nature of 
the water for coming periods should 
also be provided by this medium. A 
service of this type can help not only 
water purification laboratories, but also 
the many other concerns and individu- 
als interested in the use of each par- 
ticular stream, lake or reservoir. Such 
a service would replace the inadequate 
hit-or-miss sampling methods used at 
the present time. 

If research in these four important 
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fields is to be carried out on a large 
scale, it will need the enthusiastic in- 
terest and support of all who are con- 
cerned with water purification plants. 
It will require the generous financial 
backing of many individuals and groups. 
Since the primary work is basic re- 


* search, it must be handled in a manner 


that will encourage rather than dis- 
courage the necessary services of quali- 
fied experts in the fields of phycology, 
limnology, biophysics and biochemistry. 
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Quality Control of Industrial Water 
By Clarence D. Adams 


A paper presented on February 8, 1951, at the Indiana Section Meet- 
ing, Indianapolis, by Clarence D. Adams, Chem. Engr., Colgate- 
Palmolive-Peet Co., Jeffersonville, Ind. 


HE major difference between the 

control of industrial and municipal 
supplies is that control of the former 
is for a specific purpose. Industrial 
water has work to do; the control of 
its quality, therefore, depends upon the 
particular job or jobs which it will be 
required to perform. Its control, in- 
stead of being based upon public health 
standards, has as a foundation the defi- 
nite requirement for which good per- 
formance is demanded. Quality con- 
trol of an industrial water supply is 
employed to produce the best possible 
water for the particular purpose de- 
sired; and to produce it at the most 
economical cost. 

Details of the control of such factors 
as turbidity, pH, hardness, bacterio- 
logical quality and discussion of the 
chemistry of scale formation and cor- 
rosion are purposely omitted to avoid 
repetition. The water works profes- 
sion developed these. The industries 
have borrowed them and are using them 
to good advantage, with, of course, oc- 
casional refinements. 


Uses of Industrial Water 


It seems most appropriate, here, to 
enumerate the tasks which industrial 
water is required to perform and to cite 
specific examples. 

In a broad sense the industrial uses 
of water can be classified as: 


1. Steam and power production 

2. Heating, by means of steam or 
hot water 

3. Cooling, by once-through flow, 
closed systems: employing shower con- 
densers or cooling towers, refrigerated 
water closed systems and vats. 

4. Processing, including canning, ice 
manufacturing, beverage makeup and a 
large group of chemical procedures 

5. Washing (as done by a wide va- 
riety of industries, including the can- 
ning, textile and gas industries) 

6. Classification, as in the ore and 
canning industries 

7. Vacuum production, through the 
use of jets and barometric condensers 

8. Fire protection 

9. Personal use by employees. 


Problems of Industrial Users 


Not all industries employ water for 
all of the above purposes, but usually 
most of them find application. Time 
does not permit specific detailing of the 
intricacies of quality control of the wa- 
ter for each specific use. There are, 
however, certain problems that con- 
front the industrial users of water: 


1. Scale formation on heated sur- 
faces, or in pipes, valves, jackets and 
vessels handling heated water 

2. Chemical and bacteriological cor- 
rosion of equipment in contact with 
either cold or heated water 
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3. The growth of slime on or in con- 
denser tubes, cooling towers, shower 
condensers, cooling rolls, or piping 
carrying cold or warm water. 


The tools which an industrial plant 
uses to maintain the quality of its wa- 
ter are not kept secret. It is common 
knowledge to the water works pro- 
fession that softening by chemical 
treatment, ion exchange or deminerali- 
zation will eliminate most scale forma- 
tion, and that treatment by such mate- 
rials as phosphates will help to alleviate 
it. The profession also knows that pH 
control, the use of inhibitors, protective 
coatings and cathodic protection, and 
the elimination of carbon dioxide and 
dissolved oxygen, are all useful in cor- 
rosion prevention; and that chlorine, 
phenates and other organic compounds 
are used for slime control. 

Case Histories 

Instead of discussing widely pub- 
lished facts, the remainder of this dis- 
cussion will therefore be devoted to the 
presentation of eight specific examples 
of industrial quality control which the 
author has experienced. They are 
listed below. 


1, Cooling Rolls. 


The efficiency of cooling was fail- 
ing at a rapid rate and resulted in the 
production of substandard product and 
subsequent production loss. 

An investigation revealed that 
sprays were partially clogged with 
corrosion products and organic growth, 
and that there were slime growths on 
the inside of the cooling rolls. 

Normal operating conditions are be- 
ing maintained since the piping was 
cleaned with an inhibited acid. The 
difficulty is being controlled merely by 
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applying enough sprays each week to 
kill any organic growth that may have 
developed. 


2. Closed Hot Water System 


The hot water tracing system in- 
cluded a pump, heat exchanger, piping, 
tracing lines, jacketed vessels and hot- 
water storage tank, all within a closed 
system. 

Investigation revealed that scale for- 
mation on the heating coils, and stop- 
page of lines and jackets by corrosion 
products might prove troublesome if 
not controlled. 

The entire system was first cleaned 
with inhibited acid, and daily treatment 
with sodium hexametaphosphate * is 
being employed for the combined pur- 
pose of scale and corrosion prevention. 
A long enough record of this treatment 
is not yet available to allow the draw- 
ing of any definite conclusions. 

The present control consists in main- 
taining the proper sodium hexameta- 
phosphate concentration in the heated 
water. 


3. Cafeteria Hot Water System 


Scale was found to be forming rap- 
idly on steam coils, restaurant equip- 
ment and in coffee urns. Since heated 
softened water is known to be corro- 
sive, Micromet? treatment was em- 
ployed. 

Results, although not perfect, have 
been encouraging. 

Since Micromet is a compound that 
is theoretically dissolved at the rate of 
25 per cent of its original weight per 
month, regardless of the amount of 
water coming in contact with it, the 


* The sodium hexametaphosphate used was 
“Calgon,” a product of Calgon, Inc., Pitts- 
hurgh, Pa. 

+ Also a product of Calgon, Inc. 
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Micromet dosage is computed by tak- 
ing the difference between monthly wa- 
ter meter readings and dividing by 


12,000. 


4. Refrigerated Water System 


The system includes a pump, cooling 
rolls, jacketed vessels, and piping, all 
in a closed system. An investigation 
revealed that active corrosion was tak- 
ing place. 

The quality of this water is main- 
tained through the use of Sodium 
Chrome Glucosate compound.* Con- 
centrations of compound are kept within 
the range of 175 to 225 ppm. The re- 
sults have been satisfactory over a con- 
siderable period. 

Control is achieved by determining 
the compound concentration weekly and 
adding the required replacement as 
needed. 


5. Shower Condenser 


The condenser includes pump, pip- 
ing and compressor cooling unit. An 
investigation revealed a scale formation 
on the tubes which Micromet was used 
to treat. Phosphates are a plant food, 
however, and slime was soon growing 
profusely in the shower condenser, with 
resultant stoppage of the pump intake 
screen and spray nozzles, causing con- 
siderable production loss. 

Chloride of lime treatment was em- 
ployed to kill the slime growth. Re- 
sults were very satisfactory, but exces- 
sive foaming caused by airborne dust 
contamination necessitated the discon- 
tinuance of this type of treatment. 
Chlorine gas treating equipment was 
also undesirable because of the prox- 
imity to a heavily populated working 
area. 


* A product of D. W. Haering & Co., Inc., 
San Antonio, Tex. 
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Dowicide “G” + treatment was sub- 
stituted and gave excellent initial re- 
sults, but organisms carried by the air 
into the moist areas above the sprays 
in the shower condenser developed an 
immunity to the compound after sev- 
eral months. Extremely heavy growths 
of slime resulted. 

The system was next treated with 
chlorine solution taken from discharge 
hose of a chlorinating mechanism. 
Sodium Chrome Glucosate was added 
to the water for temporary control of 
slime and gave fair results. 

Sterimine { was then tried with good 
initial results, but then also failed. It 
was suspected that the immunization of 
organisms had developed to such an 
extent that it would be necessary to 
change treatment compounds at regular 
intervals for the best control. 

Later on, however, it was deter- 
mined that the foaming not attributable 
to chloride of lime treatment was 
caused by a reaction between the car- 
bonate scale and the chlorine which 
released carbon dioxide gas. Accord- 
ingly inhibited hydrochloric acid was 
used to remove the scale, and chloride 
of lime treatment was resumed, with 
successful results. 


6. Poultry Processing Plant 


A new industry was attempting to em- 
ploy natural sedimentation followed by 
filtration through porous concrete blocks 
for the production of water from a 


surface source. With this minimal 
treatment the water was used in proc- 
essing chickens for the open market, a 
practice which resulted in repercus- 
sions from the health agencies. 


+A product of The Dow Chemical Co., 
Midland, Mich. 

tA product of Wallace & Tiernan Co., 
Newark, N.J. 
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Water meeting U.S. Public Health 
Service bacteriological standards was 
produced by temporary use of alum, 
soda ash and chlorination. 

The problem was complicated by the 
following factors: 


1. The source is a relatively small 
creek in which the water has an alka- 
linity varying from 8 to 40 ppm. and a 
pH varying from 6.5 to 7.5. 

2. Sodium hypochlorite was used, 
but at times the addition of the re- 
quired amount for chlorine residual of 
5 ppm. raised the pH sufficiently to ren- 
der the chlorine ineffective. High-test 
hypochlorite * was found to give better 
results. 


The control found necessary is fre- 
quent pH, alkalinity and residual chlo- 
rine tests followed by bacteriological 
analyses of water samples. A more 
elaborate water purification plant has 
been designed and soon will be under 
construction. 


7. Cooling Tower 


The cooling tower includes baro- 
metric condensers, pumps, cooling 
units, piping and accessories. 

A serious corrosion problem had 
developed and was accelerated by the 
following : 


1. Acid vapors that were pulled 
from a flash cooler lowered the pH. 

2. It was necessary to expose sur- 
faces to the air on week-end shut- 
downs. 

3. Sulfate-reducing bacteria and 
other organic growths were present in 
great numbers in the water. 


These conditions caused occasional 
shutdowns for equipment repair, and 


*The high-test hypochlorite used was a 
product of Mathieson Chemical Corp., Balti- 
more, Md. 
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for heat-exchanger tube cleaning. A 
well known compound manufacturer 
was consulted to help solve the prob- 
lem. His laboratory reported such nu- 
merous and diverse forms of organic 
life present that the manufacturer flatly 
stated that he had no suitable effective 
compound. 

It was thought that because of the 
nature of the noncondensables carried 
over from the flash coolers to the cool- 
ing water, the chlorine demand of the 
water would render chlorination too 
costly. It was decided, however, to 
give the process a trial. 

During the first few days of the test, 
the chlorine demand was very high 
for the amount of water (900 gpm.) 
being circulated. The chlorine soon 
took hold, and the organic growth was 
eliminated, thereby reducing bacterial 
corrosion. Chlorine was used at the 
rate of 90 Ib. daily for periods of one 
hour a day. A pH controller using 
caustic solution was installed and the 
problem was brought under control. 

Quality control tests thus developed 
into those for residual chlorine and 
periodic checking of the pH controller. 
Many chlorine, pH and total solids de- 
terminations were necessary, however, 
before the control was established. 

After a long period of successful op- 
eration, process changes, including 
cooling tower changes, rendered this 
problem very difficult indeed. Caustic, 
instead of acid vapors, were predomi- 
nant contaminants of the cooling wa- 
ter. This situation caused the chlorina- 
tion to be ineffective, and ammonia va- 
pors complicated matters. The pH con- 
troller was changed from caustic solu- 
tion to sulfuric acid. 

Slime problems, held in check by 
winter conditions, developed with the 
advent of warmer weather. Opera- 
tions were stabilized with a pH be- 
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tween 8.1 and 8.3. The water has been 
brought under control by the use of 
chlorine at the rate of 100 lb. per day 
for a period of two to three hours 
daily. 

It is expected that alcohols from 
processes to be instituted, however, 
will affect the control problem and re- 
quire a change in present procedures. 


&. Hot Water System 


The system includes pump, heat ex- 
changer, hot water tank, automatically 
overated valves, small piping and 
sprays in automatic centrifuges. 

In this system, approximately 3,000 
gpd. of well water of approximately 
342 ppm. hardness are heated to 190°F. 
and used in the centrifuging equipment. 
The high temperatures involved pro- 
duced serious scaling. The steam coils 
became heavily coated with scale on 
the water side. Scale built up to a 
depth of more than an inch on the in- 
side of the hot-water tank and also was 
heavy throughout the piping. The au- 
tomatic valves needed. frequent servic- 
ing. 

Treatment methods were limited be- 
cause the water used in the centrifuges 
was given subsequent processing. Soft- 
ening was considered, but because of 
the corrosiveness of the softened wa- 
ter, use of that process was postponed. 

An Electromatic Electronaire,} a 
special galvanic couple, was placed in 
the hot water tank on trial. The theory 
of the operation of this unit is that 
enough electrical potential is produced 
to discharge the scaling particles elec- 
trically, thereby permitting them to 
settle freely or carrying them on 
through the system without allowing 
them to build up into scale. 


+A product of the Electromatic Engineer- 
ing Corp., Louisville, Ky. 


QUALITY CONTROL 583 


After a month’s use of the unit, in- 
spection revealed quite marked re- 
sults. Most of the scale has been re- 
moved from the walls of the hot water 
tank and only a thin coating remained. 
The servicing of the automatically op- 
erated valves was reduced to a neces- 
sary minimum. 

Continued operation, however, re- 
vealed that the thin coating on the hot 
water tank walls was not eliminated 
and that gradual building up of scale, 
within the piping system and on the 
valve seats, reduced the amount of 
water delivered to the sprays. 

Arrangements have been made to 
use steam condensate in this system. 
No heater and very little piping will be 
required, thereby virtually solving the 
problem. 

The control of this problem at pres- 
ent consists in regular inspections of 
the equipment, including the Electro- 
naire. The sacrificial element of this 
unit must be replaced approximately 
every six months. 


Summary 

It will be noted that in the examples 
presented, control of the quality of the 
water used by the various industries 
concerned has not been elaborate. 
This is partly because of the scope of the 
author’s experience, and partly be- 
cause of the fact that, in industry, con- 
trols are kept to a practical and neces- 
sary minimum. The individual in 
charge of water supply often has many 
other duties to perform. Control lab- 
oratories also are established for pro- 
duction control. Special control tests 
are always added burdens to laboratory 
personnel. A minimum amount of 
testing for good control of industrial 
water is therefore desirable. 

In the power and other industries, 
where more frequent and sometimes 
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elaborate tests are of major importance, 
laboratories under the supervision of 
highly trained technicians are often 
advantageous and even necessary. The 
work of such laboratories has been 
widely published. It has been the au- 
thor’s intent merely to present a few 
specific experiences in order to ac- 
quaint those concerned with some of 
the everyday problems occurring in the 
average industry. 

The tools to be used in the control 
of an industrial water are common 
knowledge to the water works profes- 
sion. There is one exception: poison- 
ous materials can occasionally be used 
to solve an industrial water problem. 

Before the proper tool can be se- 
lected by any industrial user of water 
the following questions must be 
answered : 
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1. Will the proposed method be most 
effective under the conditions encoun- 
tered ? 

2. What will be the daily require- 
ments ? 

3. How much attention need be ap- 
plied to control ? 

4. Will the method create a taste, 
odor or color problem for any product ? 

5. Will it promote organic growth? 

6. Will the method be economically 
feasible ? 

7. Will it be safe for personnel to 
handle or to come in contact with the 
treated water? 

8. Will the water, if chemically 
treated, be used further in any other 
department? If so, will chance con- 
tamination by the treatment chemicals 
be ruinous to the material being pro- 
duced ? 
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Planning Expansions by Forecasting Public and 
Industrial Requirements 


By Paul D. Cook 


A paper presented on February 8, 1951, at the Indiana Section Meet- 
ing, Indianapolis, by Paul D. Cook, City Manager, Painesville, Ohio. 


LANNING is a general term de- 

noting a process that culminates 
in a proposed course of action or pro- 
cedure. It is a dynamic process as it 
requires the meeting of ever-changing 
requirements of residential, commer- 
cial and industrial development for 
adequate supplies of water. In no 
sense and at no time in the thinking 
of a progressive and an alert water 
works administrator is the process of 
planning static. 

William Ludlow, former Chief Engi- 
neer of the Philadelphia Bureau of 
Water, in his annual report in 1885 
said (1): 

The creation and maintenance of a 
system of water supply to a great modern 
community is practically a never-ending 
problem. The needs of each generation 
so largely transcend not alone those of 
the preceding one, but even the estimates 
which could then have been formed of 
the future requirements, as almost in- 
variably to exceed reasonable anticipa- 
tions and far outrun the capacity of ex- 
isting constructions, even with consider- 
able additions from time to time. 


Planning Process Never Ends 


Parallel experiences have been ob- 
served over the years in all the larger 
cities of the nation and, to no lesser 
degree, in smaller cities and communi- 
ties. It is therefore a fundamental 


premise that planning for the future in 
water supply is a never-ending process. 
It is one of the activities in the profes- 
sion that never stands still. One either 
goes forward by keeping abreast with 
the growth, development and changes 
in the community and by constantly 
planning and repeatedly revising the 
plan; or one slips backward with the 
self-satisfied feeling that he is prepared 
for the future because his plan for ex- 
pansion has been completed. Today’s 
plan must be revised tomorrow to meet 
one or more unanticipated develop- 
ments from yesterday’s experiences. 
The A.W.W.A. Board of Directors 
at its January 1950 meeting in New 
York expressed serious concern over 
the failure of some of the larger cities 
to recognize the importance of long 
range planning for an adequate supply 
of water. Serious emergencies, too, 
often arise because the recommenda- 
tions of progressive water supply ad- 
ministrators are subordinated to some 
more politically expedient program. 
This practice was decried by a board 
statement urging long range planning 


. for water supply systems, and was fur- 


ther discussed by the Water Resources 
Division at the 1950 Annual Confer- 
ence of the Association in Philadelphia. 

During the same month—January 
1950—the annual meeting of the 
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American Society of Civil Engineers 
was in convention in New York. The 
Sanitary Engineering Division staged 
a discussion which Malcolm Pirnie 
opened with the following remarks in 
discussing the New York City emer- 
gency (2): “There is no water short- 
age—the current difficulty being merely 
in the delivery of some of the available 
supply in satisfactory condition to the 
places where it is wanted.” 

He was not referring to a need for 
an expanded distribution system as 
water works men commonly know it. 
Rather, he referred to a need for de- 
termination of safe yield of stream fa- 
cilities, combined with the chemical and 
bacteriological control of such re- 
sources already available, yet uneco- 
nomical for use because of pollution. 
Long range planning by the world’s 
largest metropolitan area apparently 
had not then been practiced in sufficient 
degree to avoid a near catastrophe. 


Determining Future Needs 


In planning future expansions to 
meet public and industrial require- 
ments, it must first be determined with 
the greatest possible degree of accu- 
racy just what future requirements 
will be. A water supply system is ap- 
praised by its ability to produce and 
to deliver to all the points of consump- 
tion, and at any required time, water 
of satisfactory quality, sufficient quan- 
tity and adequate pressures to satisfy 
the domestic, commercial and indus- 
trial demands of the community, and 
the need for fire protection. 

It becomes necessary, therefore, to 
estimate accurately the future growth 
of population and the probable com- 
mercial and industrial development of 
the area under consideration. This in- 
formation, coupled with experience- 
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records of production and distribution 
of the existing system, makes possible 
a predicted average rate of demand for 
the anticipated community of the fu- 
ture. On this basis, the proper capaci- 
ties of intakes, pumping stations, puri- 
fication plants and transmission or sup- 
ply mains may be established. For 
well fields, the required yield and the 
necessary recharge rate are determined. 
With the impounded surface supply, 
the minimum average satisfactory yield 
of the watershed is calculated as a re- 
quirement for adequate supply. Since 
capacity requirements determined from 
empirical data are reflected in construc- 
tion, operating and maintenance costs, 
it is no trifling responsibility that the 
planning engineer assumes in prepar- 
ing his estimates of community de- 
velopment. Valid and adequate data 
must be collected, carefully evaluated 
and then intelligently prepared for 
presentation. 


Building for Later Change 


It is also necessary to recognize that 
certain of the facilities, the requisite 
capacities of which have been estab- 
lished, can be designed and constructed 
in a manner that will permit future 
expansion on a unit basis. These fa- 
cilities must therefore be planned for a 
relatively short capacity life. This 
statement refers to pumping stations, 
major operational facilities of filtration 
plants and well field development. 
Conversely, functional parts of a sys- 
tem such as intakes which may extend 
several thousand feet into a body of 
water, impounding reservoirs or large 
transmission mains do not lend them- 
selves economically to periodic expan- 
sion or enlargement and must there- 
fore be designed to accommodate 
longer futurity. No specific rules of 
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procedure, however, can be established 
for the economics of varying futurities 
because each community’s water sup- 
ply system is the end result of develop- 
ment that depends upon the character- 
istics of location, topography, soil 
structure, climatic conditions, and 
many other factors peculiar to that par- 
ticular area. 


Population Forecasts 


Forecasts of population for relatively 
short periods in the future can, under 
normal conditions, be made with rea- 
sonable accuracy. But when the un- 
usual occurs, predictions covering a 
short span of years can be appreciably 
in error. The hazard of obtaining in- 
accurate forecasts of population and 
industrial development increases in di- 
rect proportion to the additional length 
of futurities required. 

The water works industry unfortu- 
nately must make the most difficult and 
hazardous forecast of development in 
establishing capacities of those parts of 
the system which are generally the 
most costly. This situation obviously 
requires that careful study be given to 
the available data on population trends 
and that great care be exercised in 
evaluating the characteristics sur- 
rounding industrial development in 
order that the results obtained may be 
as accurate as sound judgment permits. 


Sources of Data 


Decennial census data published by 
the U.S. Bureau of the Census, which 
are available at any local library, are a 
dependable source of information from 
which population trends may be estab- 
lished. Another valuable source, and 
a relatively accurate one, is the record 
over a long period of years of the num- 
ber of active water service connections 
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in the particular community. These 
figures establish annual experiences 
that are even more revealing than the 
relatively infrequent reports of the 
federal census. 

Data compiled on a monthly or quar- 
terly basis ordinarily produce more 
accurate results in establishing trends 
than those gathered less frequently. A 
ten-year statistical study is the proper 
time coverage for short range forecast- 
ing, while several decades should be 
carefully studied when long range pre- 
dictions are to be made. 

Building permits, conversion and 
demolition records, and birth and death 
records of the local health department 
are all valuable sources of information 
which are available in most municipali- 
ties. Migration trends can be estab- 
lished from school enrollment statistics 
and from unemployment compensation 
records. Local chambers of commerce 
frequently accumulate information for 
market forecasting that is available to 
municipal authorities. 


Data Evaluation 


When the trend data have been as- 
sembled the important step must be 
taken of evaluating and using them— 
of choosing the most effective technique 
available, in the judgment of the plan- 
ning engineer. Three basic procedures 
of forecasting are currently in use: ex- 
trapolation, correlation and analytical 
techniques (3). 


Extrapolation 


Extrapolation is the extension of 3 
plotted series trend curve or line be- 
yond its last plotted point. Such ex- 
trapolations may be made either graph- 
ically or mathematically, and, theoreti- 
cally, may be projected as far into the 
future as desired. Caution should be 
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exercised, however, in the use of this 
method, the chief virtue of which is its 
simplicity. It will be correct only if 
the causes of past growth and develop- 
ment continue to operate in the future. 
For this reason, its failures have been 
said to have exceeded its successes and 
its use has fallen into relative disrepute 
except in some business applications of 
very short range forecasting. 


Correlation 


Correlation is a method of determin- 
ing and applying to the forecast the 
degree to which changes in one variable 
are associated with changes in another. 
The method in its simple form starts 
with the construction of extremely use- 
ful charts, called “scatter diagrams,” 
in order that any relationship between 
two variables may be established. Any 
good text on statistical methods will 
explain this procedure (4). Simple 
and complex forms of correlation are 
currently in use by statisticians for the 
purpose of forecasting. 

An illustration of the correlation 
technique is a study (3) of the popu- 
lation of Flint, Mich., made in 1947 
under the auspices of the University of 
Michigan. A very close correlation 
was found to exist between manufac- 
turing employment in Flint and dura- 
ble goods employment on a national 
basis during a thirteen-year period, 
1928-40. A national forecast for 1950, 
published by the Bureau of Labor Sta- 
tistics in March 1947, was inserted into 
the formula describing this relation- 
ship. The equation, solved for Flint, 
gave an estimate for 1950 of local 
manufacturing employment. This was 
expanded to an estimate of total popu- 
lation by applying predetermined rela- 
tionships between the labor force and 
the total population. 
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Analytical Techniques 


Analytical techniques are varied. 
The choice among them depends upon 
statistical data available and the na- 
ture and anticipated use of the desired 
results. A few of the analytical tech- 
niques are the economic rhythm 
method, the specific historical analogy, 
the cyclical sequence method and the 
cross-cut analysis (5). 

It is nevertheless in order to warn 
against complete dependence upon any 
exclusively statistical method of fore- 
casting or planning. A broad factual 
knowledge of patterns and trends in 
water consumption is needed. An un- 
derstanding of underlying economic 
processes is of basic importance. One 
who is searching for a magic formula 
that will enable him to forecast auto- 
matically is foredoomed to disappoint- 
ment and failure. 


Daily Fluctuations 


By establishing the maximum, mini- 
mum and average daily demands, af- 
ter having determined the future total 
average requirements, calculation will 
produce the plant capacity results de- 
sired. Daily fluctuations in water de- 
mand are present in all water systems 
and must be taken into account in de- 
termining capacity requirements. In 
planning for the future, existing ratios 
of variation can be applied to future 
average requirements as determined by 
one of the above methods of population 
and development forecasting. It must 
always be kept in mind, however, that 
the soundness of applying existing ra- 
tios to future requirements is depend- 
ent upon the similarity of past growth 
and future anticipated development. 

A satisfactory procedure, if this 
method is followed, is that of first de- 
termining the average daily produc- 
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tion of filtered water in the present 
plant for each year over a period of 
years. Three separate ratios for the 
period are then determined: [1] the 
average day of the maximum month to 
the average day for the year; [2] the 
maximum day of the year to the aver- 
age day; [3] the minimum day of the 
year to the average day. 

The necessity of considering hourly 
rather than daily fluctuations will be 
dictated by the adequacy of distribu- 
tion storage. In general, distribution 
facilities, including local storage and 
pumping stations, should be planned to 
provide for the maximum hour of con- 
sumption. Supply facilities, however, 
- including well fields, intakes and filter 
plants, should be planned to meet the 
demands of the maximum daily draft. 

The standard grading schedule (6) 
of the National Board of Fire Under- 
writers reflects firefighting needs for 
communities of various sizes. Refer- 
ence to this schedule will determine 
particular needs. Good engineering 
practice will dictate provision for maxi- 
mum fire flow simultaneously with 
normal usage at the average rate of 
the maximum day. 


Causes of Errors 


Appreciable or substantial errors 
can occur in predictions for the future 
when unusual developments occur. A 
new industry which has need for enor- 
mous quantities of process water might 


move to the area under study. Con- 
struction of a large military camp or ar- 
rival of a new industry bringing into 
or near a small city a large labor force 
are examples of governing factors. 
These possibilities are all relative in 
their importance to communities be- 
cause the factors of existing capacities, 
availability of additional water re- 
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sources and economic feasibility of ex- 
pansion require individual study and 
evaluation. 

Recent studies have been made of 
the relationship between industrial de- 
mands for process water and water re- 
sources. It has been said (7) that the 
total industrial demand is one of the 
most important factors contributing to 
local water shortages which have. re- 
cently occurred. 


Other Necessary Studies 


It is evident that much study musi 
be given to the limitations of water- 
sheds, recharge rates of available wel! 
fields and other factors governing wa- 
ter resources before location of prospec- 
tive industry may be encouraged. 
Where critical or potentially critical 
situations exist, further industrializa- 
tion should be discouraged, unless it 
is economically practicable to tap ad- 
ditional and totally different resources. 
The progressive and alert water works 
executive must keep himself adequately 
informed of the limitations of his 
source of supply, his production fa- 
cilities and his distribution facilities. 
He must have his plans laid well in 
advance of current needs and be quick 
to recognize any unusual circumstances 
that will require revision of those 
plans. 


Danger of Misinterpretation 


As it may be advisable to add a final 
word of caution to refrain from over- 
valuing the available statistics, and to 
show care in qualifying forecasts, a 
quotation from Mark Twain’s Life on 
the Mississippi is pertinent: 

Now, if I wanted to be one of those 
ponderous scientific people and let on to 
prove what had occurred in the remote 
past by what has occurred in a given time 
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in the recent past, or what will occur in 
the far future by what has occurred in 
late years, what an opportunity is here! 
Geology never had such a chance nor 
such exact data to argue from! Nor de- 
velopment of species, either! Glacial 
epochs are great things, but they are 
vague—vague. Please observe: In the 
space of 176 years, the lower Mississippi 
has shortened itself 242 imiles. That is 
an average of a trifle over one mile and 
a third per year. Therefore, any calm 
person who is not blind or idiotic can see 
that in the Old Oolitic Cilurian Period 
just a million years ago next November, 
the lower Mississippi was upward of 1,- 
300,000 miles long and stuck out over the 
Gulf of Mexico like a fishing rod; and 
by the same token, any person can see 
that 742 years from now, the lower Mis- 
sissippi will be only a mile and three- 
quarters long and Cairo and New Orleans 
will have joined their streets together and 
be plodding comfortably along under a 
single Mayor and a mutual Board of 
Alderman. There is something fascinat- 
ing about science. One gets such whole- 
sale returns of conjecture out of such a 
trifling investment of fact. 


PAUL D. COOK 
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Salmon, water and people are apparently all safe from the effects of 
residual radioactivity from the Hanford atomic energy works at Richland, 
Wash. Some 25,000 test salmon, 4,000 samples of drinking water and 900 
from test wells, 200 experimental ewes and 12,000 chunks of atmosphere 
per year go to show that nobody has a thing to worry about in the exhaust 
or effluent of Hanford’s atomic fuel or plutonium production. Water from 
the Columbia River, important to the operation of the works, gets well 
radioactivated in the process of cooling the atomic reactors, but before it is 
returned to the river its charge is reduced almost to the vanishing point. 
Continuous sampling shows the water to be safe and continuous spawning 
shows the salmon to be at least thriving in the area. As for people, 
General Electric scientists indicated that “one person would have to eat, 
at a single sitting, 100 lb. of Columbia River salmon caught just below 
the Hanford works to take into his body a noticeable amount of radioactive 
material.” Just who could get away with catching 100 lb. of salmon just 
below the Hanford works isn’t indicated, but we’ll bet the FBI and the 
Washington Fish & Game Commission could become quite nasty about the 
whole thing. And if, through some jurisdictional dispute or other, we 
were to get past that stage, who would clean the mess! 


Eau chaud! Hot water, that is, is what, according to the Gas Appli- 
ance Manufacturers Association, Inc., our health and our strength depend 
upon. And who are we, who work with the really basic stuff of hot water, 
to complain about a 32-page paean. What we're talking about, of course, 
is GAMA’s recent booklet, Our Health . . . Our Strength, which pur- 
poses “to inform as many people as possible of the never-ending menace 
of dirt and disease ; to show their deadly peril in time of emergency ; to give 
practical suggestions for our counterattack through constant watchfulness ; 
to emphasize the miracle work of simple preventives and remedies ; to rouse 
every reader to do his small part, privately and publicly, for Operation 


(Continued on page 2) 
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(Continued from page 1) 


Survival,” all on the basis that our strength depends upon our health 
depends upon our hot water! Depends, say we, upon our water. 

Of course the booklet takes cognizance of the fact that health isn’t 
quite as simple as a handwash, and does so in the words of such authorities 
as Stuart Symington, Surgeon-General Scheele and our own Abel Wolman. 
The whole brochure, as a matter of fact, is one long series of quotes to the 
eventual point that in hot water there is strength. Faw fort! 


Getting into hot water and health reminds us of an advertisement in 
the Newark, N.J., News of last June, which featured Hot Springs (Ark.) 
water as practically panacean. “In most observed cases,” bubbled this 
blurb, “Mountain Valley Water: (1) rapidly eliminates systemic waste ; 
(2) increases subnormal kidney function; (3) supplements our supply of 
needed minerals; (4) it is delicious and pleasant, with no sharp action or 
harsh reaction.” Seems as if this hot water, too, has some association with 
gas. Almost makes one want to run . . . to his nearest authorized dealer. 


The flowering of fluoridation may be advanced slightly by the confer- 
ence of state health department dental directors, held at Washington June 
6-8, to discuss with U.S. Public Health Service and Children’s Bureau 
representatives. The conference was called with the open intention of 
discussing methods of encouraging communities to fluoridate their water 
supplies as soon as possible, and Surgeon General Leonard A. Scheele 
took as the basis for his remarks the observed effects of demonstration 
projects in various cities, citing reductions of dental caries of as much as 
65 per cent. The state dental directors had endorsed fluoridation a year 
ago, and were mainly concerned at this meeting with how to manage tech- 
nical details, educate the public and municipal officials and evaluate the 
results of the fluoridation. 


“Tomayto” and “tomahto” are no trouble at all compared with 
“water works” and “waterworks,” at least as far as A.W.W.A. is con- 
cerned. We've always felt a little hurt when people called us the American 
Waterworks Association—primarily because we thought they knew us 
better than that—but we never became really exercised about the. name- 
calling until we reached Miami last April and found ourselves in Joe 
Somebody’s newspaper column. Not enough that he should call us 
American Waterworks Association, he took us typographically to task for 
using A.W.W.A., when A.W.A. instead properly initialed his idea of our 
name. 

“Any publicity” may be “good publicity,” but is it even publicity if it 
never mentions our name ? 


(Continued on page 4) 
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™ Famous “Spring Maid” fab- 


% 


rics continue to be processed 
with the purest of water 
despite needs for sharply in- 
creased output. This 21/2 mil- 
lion gallon per day addition 
was recently added to Roberts’ 
initial filter plant at the Lan- 


caster, South Carolina, Mill. 
Photo at upper left shows the 
nationally-known ‘Spring 


Through 


mark as seen 
through several 
feet of water in the 


MECHANICAL Equipment 
Roberts Meo. Co. 
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(Continued from page 2) 


A tribute to the late Charles P. Hoover, written by F. H. Waring, 
chief sanitary engineer of the Ohio State Dept. of Heaith, is being featured 
in the 1950 annual report of the Columbus, Ohio, Div. of Water. The text 


of this deserved eulogy to a beloved leader of his profession is reprinted 
below : 


gn Memoriam 


CHARLES P. HOOVER 
City Chemist, Division of Water, 1908-1950 


In the death of Charles P. Hoover, Columbus suffered a loss the extent of 
which comparatively few people realize. Those who were fortunate enough to 
have been associated with him during his lifetime service to the city are they 
who are aware of that loss. Mr. Hoover’s entire professional life was devoted 
to the art of municipal water purification and softening. In this field he was 
both pioneer and leader, recognized throughout the state and nation as “tops” 
in his profession. The degree of Doctor of Engineering conferred upon him by 
Ohio State University was only one of many professional recognitions accorded 
him for his depth of understanding and achievement in his chosen field of water 
treatment. : 


Mr. Hoover’s life work began and ended at the Columbus water purification 
and softening plant. Upon completion of the Dublin Road plant in 1908 he was 
employed as one of the chemists. Within a few years he rose to chief chemist, 
and lately to water superintendent. Columbus became the first city in the nation 
and the third municipality in North America to purify and soften its municipal 
water supply using the so-called lime-soda process. Mr. Hoover was co- 
| discoverer with Sir Alexander Houston of London, England, of the sterilizing 
value of the excess lime method of water treatment. The fame of Mr. Hoover’s 
discoveries and innovations in municipal water purification as practiced at Co- 
| lumbus is largely responsible for the present day large number of similar munici- 
i pal water treatment works throughout the state and nation. Ohio now has more 
such municipal plants than any other state, amounting to nearly one-fourth of all 
such plants in the United States—a tribute indeed to the man who guided Co- 
lumbus in this endeavor for all these years. 


No municipality was too small, no water treatment problem too baffling, for 
Charles P. Hoover to devote of his time and energy so that the public might 
enjoy the best in drinking water quality. Municipalities large and small sought 
his advice and consultation. Many a water treatment works across the nation, 
from Los Angeles to St. Louis to Miami, bears the imprint of his thinking in 
its present-day design and method of operation. And to many a water works 
man he was known and is still remembered affectionately as “Charley” Hoover. 


(Continued on page 6) 
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le Smith tapping equipment you can make branch 


connections up to 42” in diameter under pressure to any 


type or size of pipe, without interrupting service, draining 


the line, or riling the water. These machines are used with 


SMITH tapping sleeves, hat flanges, and tapping valves. 


The entire operation is quick, simple and satisfactory. 


Write for further information. 
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Investigations of distribution system water quality are being co- 
ordinated by A.W.W.A. Committee E5-2—Biological and Chemical Prob- 
lems of Water Distribution Systems. Under the terms of a recent re- 
organization, the committee’s primary objectives are to: [1] act as a 
clearing house for information on deterioration of water quality by facili- 
tating the exchange of information among those working on similar 
problems; [2] assist in solving individual problems by drawing on the 
pooled experience of all operators; [3] coordinate and review papers 
on distribution problems and make recommendations for their presentation 
and publication; and [4] encourage the study of water quality control 
in distribution systems and suggest problems for study to water works 
laboratories wishing to cooperate in a general program for the control of 
water quality deterioration. 

The committee is primarily a coordinating agency; papers resulting 
from any cooperative work may be published by the individuals respon- 
sible. 

Those who are currently studying any phase of distribution quality, 
who are considering publication of a paper, who wish to communicate some 
pertinent fact or experience to the field, or who would be willing to assist 
in future programs for investigating chemical and biological water quality 
deterioration are requested to send details to D. W. Graham, Coordinator, 
Committee E5-2, San. Eng. Div., Box 3669 Terminal Annex, Los Angeles 
54, Calif. 


A new curriculum in sanitary engineering is to be instituted at Ohio 
State University, beginning with the fall semester. The course, which will 
be one of the options in civil engineering, will lead to the Bachelor of Civil 
Engineering and Master of Science degrees after five years of study. The 
course will be identical with other civil engineering branches until the third 
year, when specialized sanitary engineering courses will be introduced. 


(Continued on page 8) 


Loose-Leaf BINDERS Sturdily bound in blue canvas 


with lettered backbone, the 
for A.W.W.A. Standards binder has durable metal hinges, 


Price $2.50 capacious 1%-in. rings and 
eight blank separator cards with 
AMERICAN projecting tabs. All A.W.W.A. 
WATER WORKS specifications are being provided 
ASSOCIATION with marginal holes drilled to 
521 Fifth Ave. New York 17,N.Y. fit the binder. 
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A group of sixteen 10-in., 250-psi. standard IBBM NRS gate 
valves, with extra flanges, are being offered for sale at a price of $135 each 
by a firm in Norfolk, Va., which wishes to dispose of them. Inquiries 
‘should be routed through the Journal A.W.W.A., 521 Fifth Ave., New 
York 17, N.Y., and addressed to Box 71. ‘ 


Two sets of headlines—one in New York City newspapers, the other 
in those of neighboring Newark—ought be added up by somebody some- 
time. In New York headlines, a new water commissioner expressed fear 
that, with reservoirs unfilled on June 1, the city might again go thirsty by 
fall. In Newark papers, the public works director announced the location 
and repair of half a million gallons a day in leaks that would save the city 
$20,000 a year at a survey cost of $12,000. Not the dollars—in which 
unmetered New York apparently has no interest—but the gallons thus to 
be saved should be of interest to a city that must wait years before it can 
again waste all it wants with immunity. 


Harold T. Rudgal, formerly superintendent of the Kenosha, Wis., 
Water Dept., has been appointed vice-president and general manager of the 
Gary-Hobart Water Corp., a utility in the Mott chain of which W. Victor 
Weir, head of the other Mott utilities, is also president. The Gary-Hobart 
Water Corp. took over the water utilities at Gary and Hobart, Ind., from 
the previous owner, the Northern Indiana Public Service Co. Herbert L. 
Plowman, who had been associated with the predecessor firm, will be secre- 
tary, auditor and office manager of the new organization. Other utilities 
in the Mott group are Illinois Water Service Co., Northern Illinois Water 
Corp., Long Island Water Corp., Missouri Water Co. and St. Louis County 
Water Co. 


R. E. McDonnell, founder of the Kansas City consulting firm of 
Burns & McDonnell, has retired after 53 years of active participation in the 
firm’s affairs. The firm has issued a booklet recounting its history in com- 
memoration of the event. The achievements recorded include municipal 
engineering projects costing 769 million dollars and located in 45 states, 
Alaska, Canada and Mexico. The firm will be continued by seven remain- 
ing partners and a technical staff of approximately 100 


Arthur B. Morrill, having apparently acquired an incurable wander- 
lust as a result of his extended tour of duty in China, has left for Caracas, 
Venezuela, after a short interval at home. He will be associated with the 
National Institute of Sanitary Works in that land, advising design engi- 
neers on the planning of water and sewage systems for Venezuelan cities. 


(Continued on page 10) 
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The 4th 
for a 


Memphis 


Twenty years ago, a big industrial 
plant in Memphis bought its first 
Layne well water supply system. It 
is still producing its original capacity. 
World War II expansion necessitated 
the addition of two more Layne units. 
Now the fourth has been completed 
and is in operation producing 1790 
GPM whereas only 1500 GPM was 
promised by the contract. 


_ This is a typical case of where the 
first Layne installation proves to be 
so satisfactory that, as more water 


Industrial Plant 


is needed, other Layne units are 
ordered as a matter of course. Cer- 
tainly this industrial plant,—or any 
big user of ground water, could make 
no finer investment. 


Every Layne installation is carefully 
engineered from the original survey to 
the final testing. Ali have the same 
unmatched features of high efficiency, 
low upkeep cost and extra long life. 


For further information, catalogs 
etc., address 


LAYNE & BOWLER, INC. 
General Offices, Memphis 8, Tenn. 


WATER SUPPLY 


WELLS & PUMPS 
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Waterborne outbreaks of disease occurred 25 times during 1949, ac- 
cording to the U.S. Public Health Service’s annual study of outbreaks trace- 
able to water, milk and foods. The 1,570 cases involved in the waterborne 
outbreaks represented a sharp increase of 951 over the 1948 total, although 
deaths declined from 4 to 3. Despite the more than doubling of the inci- 
dence in the two years, it was pointed out by Surgeon General Scheele that 
outbreaks attributed to both water and milk have declined by more than 50 
per cent in the past decade. The statistics are compiled from reports of 
state and local health departments in the United States, however, and do 
not reflect unreported illnesses or outbreaks. 


“Municipal Sewage Treatment Processes” is the title of a 16-mm. 
film released by the U.S. Public Health Service’s Communicable Disease 
Center, 50 Seventh St., N.E., Atlanta 3, Ga. Intended to show public 
health sanitarians and professional trainees how sewage can be treated to 
avoid pollution of streams and menace to health, the 13-minute sound film 
is available for short loans, without charge, from the center; or copies may 


be purchased through United World Films, Inc. 


(Continued on page 12) 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 
Can be used for any de- 


termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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-ARMCO STEEL PIPE 
MEETS W. A; SPECIFICATIONS | 


STEEL PIPE 

wide range of diameters (6” to 36”) with wall thicknesses 
9/64>to 1/2-inch, you can match exact job require- | 
ments. no excess metal. Write for complete 
information. Armco Drainage & Metal Products, Inc., 

Welded Pipe Sales Division, 2171 Curtis Street, Middle- 

Subsidiary of Armco Steel Corporation. 
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The cost of materials constitutes 50 per cent of the total cost of new 
water system construction, according to a survey conducted jointly by the 
Department of Labor’s Bureau of Labor Statistics and the U.S. Public 
Health Sérvice. Labor costs comprise 30 per cent of the total, with the 
balance distributed among supplies, overhead, profit and equipment 
charges. The proportion allotted to materials is the same whether treat- 
ment plants or distribution pipelines are being analyzed. Of the water 
treatment plant costs, 20 per cent represents purchases of key metal 
products (such as pipe, fittings and reinforcing steel), 15 per cent is for 
metallic machinery and equipment to operate the treatment processes and 
10 per cent is for premixed concrete. For pipelines, one-third of the cost 
covered metal products (chiefly the pipe itself, and fittings) and 10 per cent 
covered asbestos-cement, stone, clay, glass and other products. 

Sewage plants were also studied, and were found to require a some- 
what smaller outlay—about 40 per cent—for equipment, although labor 
costs remained at the same proportion. The itemized tabulation for water 
works is given below: 

Construction Expenditures for New Water Supplies* 


Expenditures 


Treatment | Distribution} Weighted 
Plant Systemt Totalt 


$1 million units 
Overhead, profit and equipment charges............ 176 170 171 


12 12 12 


Bolts, waders, fivets 1 1 1 


Metal doors, windows, frame, trim............. 


Wrought iron and steel..................... 17 53 47 

Copper and other nonferrous metals.......... 1 8 7 
Plumbing fixtures and supplies, excl. pipe... .... 7 1 2 
Wire and wireworks products.................. 1 § N 


(Continued on page 14) 
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1879—-ROSS-1879 
Automatic Values 


Controls 
elevation of 
water 
in 
tanks, basins 
and 
ALTITUDE VALVE reservoirs 
1. Single Acting 
2. Double Acting 


Maintains 


safe operating 
pressures 
for 


conduits, 
distribution 


and pump 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 


rate of flow 
REDUCING VALVE 
Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 

ated and with 

float traveling 

between two 
stops, for upper 

and lower limit 

of water eleva- 

tion. 


REMOTE CONTROL VALVE 


for use as primary or 
= 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


secon 


ROSS VALVE MFG. CO., INC., P. 0. BOX 393, TROY, N. Y. 
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Construction Expenditures for New Water Supplies—Continued 


Expenditures 


Distribution} Weighted 
Systemt Totalt 


million units 
Machinery and equipment 37 56 
Electrical equipment (motors, generators, appa- 


6 

Electrical wiring and fixtures 3 
Elevators and elevator equipment 0 
Heating and ventilating equipment 2 
1 

2 

3 

1 


Pumps and pumping equip. (incl. prime movers). . 1 
Water meters, regulators, gages 1 
Water softening and treatment equipment 
Foundry and machine shop products|| 


Stone, clay, and glass products 5 


Brick and hollow tile 5 
2 
60 
1 

Concrete pipe 18 
Concrete, premixed 15 
Marble, granite, slate 1 
Sand, gravel, crushed stone 2 
Stone, clay, glass products|| 1 


6 


18 

Expansion joints (hemp, jute, and other joint 
compounds) 

Paints and varnishes 

Paving materials and mixtures 

Roofing materials 

Rubber products 


1,000 1,000 


* The Bureau of Labor Statistics prepared the questionnaire and tabulated the returns in this survey, 
which is part of a study of interindustry flows of commodities and services being conducted by the BLS 
for the Department of Defense. Public Health Service engineers selected a sample of 200 representative 
water supply and sewage disposal systems constructed in 1948, 1949, and 1950, and, operating from 10 
USPHS regional offices throughout the country, secured the necessary data from constructing engineers. 

Although the sampling methods limit the reliability of the survey results, it is believed that these 
data will be valuable to analysts concerned with this type of construction. The only other similar data 
known to be available are for 1940 and cover Public Works Administration projects analyzed by the BLS. 

+ The sample analyzed included a few projects for which the treatment plants could not be segregated. 
Such projects are included in this category. 

t An expenditures distribution for all water supply systems was derived by combining the separate 
sample data for treatment plants and distribution, or collection works, using as weights the aggregate 
1948 contract awards for these types of projects, rather than the proportions represented by the sample 
contract values. 

§ Less than $500. Sum combined with amount for the “not elsewhere classified” items. 

|| Not elsewhere classified. 

# The sum of the components may not equal totals because of rounding. 


bo (Continued on page 16) 
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BARRETT" WATERWORKS ENAMEL 


@ The production of BARRETT Waterworks Enamel is rigidly controlled to 


meet every of the American Waterworks Association's Standard 
Specifications for Coal-tar Enamel Protective Coatings for Steel Water Pipe. 


BARRETT Waterworks Enamel prevents tuberculation and incrustation of 
interior pipe surfaces, enabling sustained high capacities at constant power. 
Hazen-Williams “C”’ averages 150. 


@) BARRETT Waterworks Enamel effectively protects external pipe surfaces 
against corrosion, permitting the use of thin wall, large-diameter steel pipe. 


(a) BARRETT Waterworks Enamel possesses high dielectric properties —requires 
the application of less outside current for cathodic protection. 


@ BARRETT Waterworks Enamel is impermeable to moisture, non-absorptive, and 
non-porous; and retains its dielectric properties without regard to soil 
conditions. 


BARRETT Waterworks Enamel possesses high ductility and flexibility, and 
shows high resistance to soil stresses. It is not damaged by “breathing,” or by 
deflectional stresses caused by loading of the back-fill. 


BARRETT Waterworks Enamel has unusual tenacity and assures a firmer bond 
at the interfaces of the steel, primer and enamel. 


(@) BARRETT Waterworks Enamel is available for every pipe-coating use in the 
waterworks field, and for use under all types of 
climatic conditions and topography. It will 
not crack at —20°F., nor flow at 160°F. 


BARRETT Waterworks Enamel has been used by 
thousands of engineers and contractors with most 
satisfactory results. It is readily available through 
applicators all over the country. 


THE BARRETT DIVISION @ And last, but not least, the Barrett organization 
ALLIED CHEMICAL & DYE CORPORATION is always at your disposal to advise on materials 
40 Rector Street, New York 6, N.Y. and on application procedure, and to consult with 


*Reg. U. 8. Pat. Off. you on any pipe-coating problem. 
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(Continued from page 14) 


Information on water quality standards is being consolidated to aid 
water pollution control agencies, in a project which is being undertaken by 
Jack E. McKee, associate professor of sanitary engineering, for the Cali- 
fornia Institute of Technology. The work is being done under contract 
for the California Water Pollution Control Board. 


Algae trouble may soon be worth cultivating if the work of Dr. 
Paul M. Cook, chemical engineer of the Stanford ( Calif.) Research Institute, 
is brought to a successful conclusion. Looking ahead to the day when the 
earth’s croplands no longer can support a greatly increased population, 
Dr. Cook has been attempting to develop a practical continuous process for 
the large-scale culture of algae to augment the world’s supply of proteins 
and fats. And now that his recent experiments have eliminated most of 
the speculation formerly surrounding algae culture, water works men may 
look ahead to a day when they will be able to cater not only to man’s thirst 
but to his appetite as well. And with various combinations of “proteins 
and fat” selling these days for up to $1.50 per lb., who knows but what 
the byproduct of water storage may outearn the product? With that 
thought in mind, let up hope no one spoils Dr. Cook’s proposed broth. 


(Continued on page 68) 


Let Willing Water help you .. . he’s 

the master cf all he surveys. Let him 
clear the brush of public ignorance 
of water works problems. Let him 
erect for you an edifice of public 
appreciation and co-operation on a 
foundation of good will. 
Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue - New York 17, New York 
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WATER WORKS 
PRODUCTS 


AYS Manufacturing Company is one of the 

largest making a complete line of water ser- 

vice products, and for 80 years has enjoyed the 

prestige earned by unremitting insistence upon 

high quality. The HAYS line of fittings and other 

CATALOG No. 5622 , products is famous throughout the world for easy 
Hays Tee for copper to cop- — installation and a long life of trouble-free service. 


per to copp 

All HAYS water works fittings are interchange- 
able with those of other manufacturers and cor- 
poration stops can be installed with any standard 
tapping machine equipment. They are made of 
highest quality 85-5-5-5 bronze, plugs are ground 
for perfect fit, specially lubricated for permanent 
CATALOG No. 5050 easy turning, and hydrostatically tested at 200 
Hays Curb Stop for iron pipe pounds or more. Write for thenew HAYS catalog 
to copper service connection. showing the complete HAYS line of water works 

products. 


CATALOG No. 5628 CATALOG No. 5610 CATALOG No. 5605 
Hays Elbow for Male iron ays Two Part Union for cop- Hays Coupling for Male iron 
pipe to copper connection. to copper connection. pipe to copper connection. 


COPPER BRASS LEAD» IRON 
WATER WORKS PRODUCTS 
"HAYS MANUFACTURING CO., ERIE, PA. 


2 

> 

CATALOG No. 5200 
= Hays Corporation Stop with 
a inlet A. W. W. A, standard 

thread. 
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Revising 
Rates 


sound recommendation for an 

upward revision of rates is, of 
course, preceded by an accurate and 
authoritative analysis of customers’ 
bills. 


It is possible to make such laborious 
compilation of customers’ metered 
consumption in one’s own offices, but 
—many utilities all over the United 
States find that it pays to turn over 
the task to the Recording and Sta- 
tistical Corporation. 


Here’s why: Our specially designed 
Bill Frequency Analyzer, shown 
here, classifies and adds in 300 regis- 
ters—in one step. 


It provides data in one-half the usual 
time—and at one-half the usual 
cost It’s one of many reasons why 
we have been providing gas, electric 
and water utilities with usage analy- 
ses for years. 


Send for FREE booklet 


Get the facts about this accurate 
and economical way of analyzing 
your customers’ metered consum 
tion by writing for a copy of “The 
One-Step Method.” 


Recording and Statistical 
Corporation 
100 Sixth Ave. New York 13, N. ¥. 
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Doubter to Dowser 
To the Editor: 


I note that recent issues of your sec- 
tion of the JourRNAL have devoted 
some space to “dowsing” or water 
witching, a questioned method of locat- 
ing underground source of water. 


A few years ago I was inspecting 
the well field of a rather large utility 
in company with the manager, an engi- 
neer. With a slight appearance of em- 
barrassment, he asked if I knew any- 
thing about water witching. I replied 
that I had heard about it many times 
but never witnessed a demonstration. 
Walking over to the river rank, he cut 
a small willow crotch or fork, trimmed 
it and, holding it in a vertical position, 
started walking. Soon the crotch 
started to move to a horizontal posi- 
tion. Continuing the walk for a short 
distance, the vertical position was 
restored. 


Now that was something; so I asked 
if I could try. Holding the crotch in 
the approved position, with the palms 
up, thumbs out and the ends of the 
crotch pointing outward I started 
walking. 

Now if there was ever a doubting 
Thomas, one had hold of that piece of 
willow branch. So help me, when I 
approached a certain spot the crotch 
started down and at one spot moved 
a full 90 degrees from the vertical to 
the horizontal. Further walking re- 
stored the vertical position. Going to 


(Continued on page 20) 
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Horton Radial Cone Eleualed Tank 


The 1,000,000-gal. Horton elevated tank shown above is an all welded 
structure we built at Norfolk, Va. to improve gravity water pressure in 
the city’s distribution mains. It has a range in head of 25 ft. and is 95 
ft. to the bottom. Write our nearest office for information and estima- 
ting figures on elevated tanks of welded construction. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE LOS ANGELES 
SAN FRANCISCO HOUSTON ATLANTA CLEVELAND WASHINGTON 


| 
19 
4 


another part of the field I walked 
across my original path crossing the 
line at the point of previous indication, 
with the same result. 

Now don’t ask me why this thing 
happened but I had such a firm grip 
on that twig that it had to bend or 
break, yet the movement from vertical 
took place, as firm and complete as if 
a second person had placed a finger on 
the top of the fork and bent it down 
to a level position. 

What was under the indicated 
point? I did not dig to see—the wells 
in that field being from 600 to 1,150 
feet deep—but that willow crotch did 
move. 

My companion remarked that the 
thing “sure works for you” and inci- 
dentally stated that he had located a 
number of srrigation wells by this 
method and never had a dry hole. 
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(Continued from page 18) 


(Continued on page 22) 
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The original Thomas had to be 
shown; I also. 

R. G. YAXLey 
Supt., Water Comrs. 
Waterford, N.Y.; June 13, 1951 


Witch kind of Thomas are you?— 
Ep. 


On the Up and Up 
To the Editor: 


No doubt this has been brought to 
your attention, but I can’t pass by the 
opportunity to tease you a little bit 
about the notation in the April issue 
of the JourNAL under Percolation and 
Runoff, Item No. 1, which comments 
that the new offices of the American 
Water Works Association are on the 


How To Save Money With A 
Mixing And Settling Unit 


ASK ABOUT THE LOW COST 4 LOW IN INITIAL COST 
HUNGERFORD & TERRY COAGULATOR 


Over 100,000,000 gallons of water daily Vv UN DI Y 

are purified i in H & T Coagulators. This GUARANTEED 

is positive proof that there is no mystery 

to the efficiency of these fine units. Our 4/ LOW IN OPERATIONAL COST 
Bulletin G-1 will show you who uses 

them, what they look like, and the great Jf USE SMALL AMOUNTS OF 


secret of their low initial and operational 
costs. Write for it. 


INEXPENSIVE CHEMICALS 


WRITE FOR FREE 
BULLETIN G-! 


HUNGERFORD g TERRY, | INC. 


CLAYTON 5, NEW JERSEY a 
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ipe for the future 


WITH CARLON PLASTIC PIPE 


For years of dependable trouble- 
free service, specify CARLON 
plastic pipe. It combines the in- 
herent advantages of plastic with 
the desirable characteristics of 
metallic pipe to solve maintain- 
ance and replacement problems. 
Guaranteed against rot, rust and 
electrolytic corrosion, CARLON 
far outlasts ordinary pipe. It will 
not accumulate scale or sediment 
and is inert to the action of cor- 
rosive soils and fluids. 

CARLON plastic pipe is superior 
for drinking water transmission, 
sewage handling, land drainage, 


irrigation and other medium-pres- 
sure, low-temperature applica- 
tions. Because it is light in weight, 
it can be installed quickly with- 
out heavy materials handling 
equipment or special tools. 


At present, raw material short- 
ages are limiting the production 
of certain types of CARLON 
pipe. Every effort is being made 
to overcome this problem and 
to meet the need for CARLON 
...the first real pipe that is 


plastic. 


CARLON PRODUCTS CORPORATION 
10126 Meech Avenue e Cleveland 5, Ohio 


In Canada: Micro Plastics, Ltd., Acton, Ontario 
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39th floor of a 38-story building. I 
am really interested in knowing just 
what kind of a penthouse arrangement 
you have there and would like to get 
some information on the quantity of 
water used to irrigate your penthouse 
gardens. Perhaps one of your staff 
can write a dissertation for a coming 
issue of the JourNaAL of the advan- 
tages of fresh air offices located on 
the roof. 

GERALD E. ARNOLD 
Director, Water Department 
702 Civic Center 
San Diego 1, Calif.; May 23, 1951 


For skeptical Gerry as well as any 
silently confused readers of our P&R 
claim, we ought to explain that we 
really are pent up. Of course, there’s 
no unlucky 13th floor in the building, 
so that drops us a peg, but since we 


have space on the 40th floor as well, 
we'll not dodge the issue. This is a 
penthouse inasmuch as it’s located one 
floor above the last elevator stop and 
the last conventionally countable story. 
Since the building was erected some 
25 years ago, the space has had two 
other tenants. First was  photog- 
rapher Margaret Bourke-White, who 
had her studios here, with a 22-ft. ceil- 
ing throughout. Then came Trans- 
Radio News, who put in a balcony 
40th floor. And now AW.W.A. 

To be specific, above our 40th floor, 
there is still more tower, which we 
can climb to reach a roof terrace or 
even further up, a water tank. The 
air we find ts fresher here and cleaner, 
the view beautiful, and the water, over 
our heads. Besides, making you climb 
lets us pay less rent. 

Our invitation still stands: Come up 
and see us sometime! 


your SEAL of CONFIDENCE === 


Tegul MINERALEAD 


The original and most widely 
used plasticized sulfur joint- 
ing material, for joining bell 
and spigot cast iron pipe. 
Economical — High Quality. 


HYDRORINGS 


A precast rubber packing 
for caulking all size bell and 
spigot cast iron pipe. 


THE ATLAS MINERAL 


MERTZTOWN, PENNA. 
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This De Laval pump is one of 
four recently installed at the Fox 


FOUR MORE : Chase Booster Station. It is one 


of 36 De Laval pumping units 


| DE LA VA LS 7 serving the City of Philadelphia. 


*80% of America’s large cities use De Laval pumps. 


Send for Catalog 10-13-JA 


DE LAVAL STEAM TURBINE CO., TRENTON 2. W. J. 
TURBINES + HELICAL GEARS + CENTRIFUGAL BLOWERS & COMPRESSORS 
CENTRIFUGAL PUMPS * WORM GEAR SPEED REDUCERS « IMO OIL PUMPS 


* 
a 
§ ii 
ae 
> 
i 
H 
t 2 


‘PE IDINIA 6506 


4NIWdINDI GNV SIOOL Jdid 


< 
< 
Zz 
= 


24 Vol. 43, No.? : 
< 


July 1951 


JOURNAL A.W.W.A. 


Professional Services 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 


City Planning Reports Valuations 


121 S. Broad St. Philadelphia 7, Pa. 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—TREATMENT— 
CONTROL—RESEARCH 


700 S. B. 3rd Se. Gainesville, Fla. 


Cuas. B. Burpicx R. Howsen 
Donatp H. 


ALVORD, BURDICK & HOWSON 


Engineers 


Water Works, Water Purification, Flood 
ief, Sew Sewage Di 
Drainage, Appraisals, Power 

Generation 


Civic Opera Building Chicago 6 


CLINTON L. BOGERT 
ASSOCIATES 


Consulting Engineers 
Curnton L. Bocrrtr Ivan L. Bogert 


J. M. M. Gree Rospert A. LincoLn 
Donatp M. Dirmars ArtHUR P. ACKERMAN 


Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Avenue New York 22, N. Y. 


CARL A. BAYS & ASSOCIATES 
Geologists—Engineers — Geophysicists 
Industrial Consultants 


Office and Laboratory—308 N. Orchard St. 
Mail Address—P.O. Box 189 


Urbana, Illinois 


Guide Books to the Field 


Send for your free copy of “A List of 
A.W.W.A. Publications,” listing books, 
manuals and specifications published 
by the Association. 


521 Fifth Avenue New York 17, N.Y. 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse 

Va'uations—Reports— Designs 


110 William St. 2082 Ki Highway 


BLACK & VEATCH 


Consulting Engineers 


4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


York 7, N.Y. 
BUCK, SEIFERT AND JOST 
Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Suppty—Sewace Disposar— 
Hypravutic DEvELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th St., New York 3, N. Y. 
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BURGESS & NIPLE 
Consulting Engineers 
(Established 1908) 

Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad St. Columbus 15, Ohio 


Vol. 43, No. 

DE LEUW, CATHER & COMPANY 
Water Supply Sewerage 
Railroads Highways 


Grade 


aisals 
Plans and Supervision of Constrasiion 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 


NORMAN O. ELDRED 
Consulting Engineer 


Water Works, Softening and Filtration 
Plante. Municipal and Industrial Water 
Equipment of All Types. 


Chemist and Bacteriologist 


WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y 


Investigations. Estimates, 
Reports, Supervision. 
Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 B. 9th Se. 
JAMES M. CAIRD FAY, SPOFFORD & THORNDIKE 
Engineers 
Established 1806 Charles E. Spofford Raich h W. Horne 
C. E. Currron, H. A. Bennerr John Ayer William L. Hyland 


Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water anp 
Suwzrace Sewacs TREATMENT— AIRPORTS 


Investigations Reports I Designs 
of Constructi 
Boston "ae York 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, 


6 Beacon St. Boston 8, Mass. 


Carueton 8. FINKBEINER 
Haroitp K 


Consulting Engineers 
rts, Designs, Supervision, 
Water ae ly, "Water Treatment, Se 
Sewage 


reatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 BE. Park Way at Sandusky 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


Flood Control & Drainage—Bridges 
Ornamental! Street Lighting— Paving 
Light & Power Plants—Appraisals 


351 E. Ohio St. Chicago 11 


PITTSBURGH 12, PA. CH-1624 

CONSOER, TOWNSEND FULBRIGHT LABORATORIES, Inc. 
& ASSOCIATES Consultants 
Water Supply—Sewerage Chemists and Chemical Engineers 


Industrial Water and Waste 
Surveys 


Tel. 5-5726 
Box 1284 Charlotte, N. C. 
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GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Control 


Town Planning— 


Scranton, Pa. 


Professional 
Senuices 


(contd.) 


G. L. GEISINGER 
Consulting Engineer 
Water Works—Treatment—Filtration 
Design—Operation— Reports 
Laboratory Analysis 


122 Elliott Ave., W. Seattle 99, Wash. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation Industrial Wastes 
Design, Construction, Operation and Management 
Reports and Valuations 
2314 Girard Trust Co. Bidg. 


Broad St. & S. Penn Square 
Philadelphia 2 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Reading, Pea. 
Houston 


Washington 
Philadelphia 


RICHARD HAZEN 
Consulting Engineer 


Municipal and Industrial Water Supply 
and Treatment 
Sewage and Waste Disposal 
Reports, Design, Construction Operations 


110 Bast 42nd Street New York 17, N.Y. 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction, and 
Supervision of Operation 


1001 North Front St., Harrisburg, Pa, 


HORNER & SHIFRIN 
Consulting Engineers 


W. W. Horner 8. W. Jens 
H. Shifrin E. E. Bloss 
V. C. Lischer 


ing— — Sew: Treatment— Munici- 


Shell Building St. Louis 3, Mo 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposai 


220 S. State Street, Chicago 4 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 

Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


Ww. 
175 
and Principal Mfg. Centers 


HAVENS & EMERSON 
W. L. Havens C. A. EMERson 
A. A. Buresr F.C. F. W. Jones 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations— oratories 
Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


THE JENNINGS-LAWRENCE CO. 

C. C. Walker F. L. Swickard 

B. I. Sheridan R. L. Lawrence 
Civil & Municipal Engineers 

Consultants 
Water Supply, Treatment & Distribution 

Sewers & Sewage Treatment 

Reports— Design—Construction 


12 N. Third Street Columbus 15, Ohio 
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JONES, HENRY & 
SCHOONMAKER 
(Formerly Jones & Henry) 

Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, 


Dams Water Works Sewerage 
Airports Bridges 
Traffic & Transportation Reports Highways 
Subways Foundations 
Harbor Works Valuations 
Power Developments Industrial Buildings 


51 Broadway, New York 6, N.Y. 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Prrnre Ernest W. Wuittock 
G. G. Werner, Jr. 


Investigations, Reports, Plans 


Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


R. M. LEGGETTE 
Consulting Ground Water Geologist 
Salt Water Problems 


Investigations 
Reports 


Water Supply 
Dewatering 
Recharging ' 


551 Fifth Avenue New York 17, N. Y. 


THE PITOMETER COMPANY 
Engineers 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


Roberto Meneses Hoyos & Co. 


Ground Water Engineers 


Water Supply 

Test Drilling Flow Tests 

Explorations Reports 
Design, Valuations & Supervision 


Reforma 12 Mexico City 


Geophysics 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; a 
& Reports; Design; Supervision o 

nstruction & Operation 


Analytical Laboratories 


1 Lee Place Paterson 1, N. J. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse 

and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 


Boston ie 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th St. New York 55, N.Y. 


THE H. C. NUTTING COMPANY 
Engineers 
Water Distribution Studies 
Water Waste Surveys 
Trunk Main Surveys 
Meter and Fire Flow Test 


4120 Airport Road Cincinnati 26, Ohio 


RIPPLE & HOWE 


Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Water Works Systems, Filtration and a 
Plants, Reservoirs, and Dams, 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


426 Cooper Bidg., Denver 2, Colo. 
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- NICHOLAS A. ROSE 


Consulting Ground Water Geologist 


Investigations 
Reports 
Advisory Service 
1309 Anita Ave. Houston 4, Tex. 


Professional 
Senwices 
(contd.) 


RUSSELL & AXON 
Consulting Engineers 
Gro. 8. F. E. Wencer 
Jom Wiwtamson, Jr. 

Water Works, Sewerage, Sewage Disposal, 
Industrial and Power Plants, Appraisals 
408 Olive St. Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fla. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply Sewerage Waste Disposal 
Mechanical Structural 
Surveys Reports Appraisals 
209 South High St. Columbus, Ohio 


SAMUEL SHENKER 
Chemical Consultant 


Water Treatment 
Laboratory Service 


155 S. Broadleigh Rd., Columbus 9, Ohio 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
age and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WALTER N. WHITE & 


WILLIAM F. GUYTON 
Consulting Ground-Water Hydrologists 
GROUND-WATER SUPPLIES 
Evaluation; Planning of New Developments; 
Operational and Maintenance Advice; Legal 
Proceedings; Artificial Recharge, Induced River 
Infiltration, Well Interference and Other 
Ground-Water Problems. 


307 W. 12th St. 10 Mississippi Ave. 
Austin 1, Texas Silver Spring, Md. 


SMITH AND GILLESPIE 
Consulting Engineers 
Water Supply and Treatment Plants; 
Sewerage, Sewage Treatment; Utilities; 
Zoning; Reports, Designs, Supervision of 
Construction and Operation; Appraisals. 


P.O. Box 1048 Jacksonville, Fla. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 
Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 


Waterworks—Sewerage 
Drainage—Flood Control 
Airports—Electric Power 


Hershey Building 
Muscatine, Ia. 


WHITMAN, REQUARDT 
& ASSOCIA 


Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, 
Supervision, Appraisals 
1304 St. Paul Se. Baltimore 2, Md. 
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MEMBERSHIP CHANGES 


AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 


Applications received May 1 to May 31, 
1951 


Adams, Howard Leslie, 750 N.W. 146th 
St., Miami 38, Fla. (Apr. ’51) M 

Alderwood Water Dist., Merna Keep, 
Supt., Alderwood Manor, Wash. (Corp. 
M. Apr. ’51) 

Baker, Hugh L., Vice-Pres., Mueller Co., 
Decatur, Ill. (Apr. ’51) 

Bartolo, Adolphe M., Asst. Chem. Engr., 
Southdown Sugars Inc., Southdown 
Plantantion, Houma, La. (Jr. M. Apr. 
MP 

Benson, Donald Hurley, Constr. Supt., 
B & M Construction Co., 315 Petroleum 
Bldg., Oklahoma City, Okla. (Apr. 

Blong, W. J., see Fox Point 

Bogush, Simeon, San. Chemist, Filtration 
Plant, Water Works Park, Detroit 14, 
Mich. (Apr. ’51) P 

Bracken, Elmer F., see South Norwalk 
(Conn.) Second Dist. Water Dept. 

Brown, I. F., Water & Sewer Supt., Box 
547, Williams, Ariz. (Apr. ’51) MP 

Bryan, James R., Director of Public 
Works, McKinney, Tex. (Apr. 51) MM 

Buker, Harry William, Town Mer., 
Princess Anne, Md. (Apr. ’51) M 

Calleja, Gustavo, Pres., Corporacion Gen- 
eral de Ingenieria S.A., Morro 158, 
Havana, Cuba (Apr. ’51) MPR 

Cederwall, Roy, Pacific Sales Co., 543— 
ist Ave., S., Seattle, Wash. (Apr. '51) 
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Coleman, Richard D., Jr. Asst. San. 
Engr., U.S. Public Health Service, 
CDC Activities, State Dept. of Public 
Health, 760 Market St., San Francisco 
2, Calif. (Apr. ’51) P 

Collins, Guy C., Lime Plant Foreman, 
Dept. of Water & Sewers, Miami, 
Fla. (Apr. ’51) P 

Connelly, Edward M., Owner, Culligan 
Soft Water Service of Richfield, 4126 
Cedar Ave., Minneapolis, Minn. (Apr. 

Cromwell, Clyde E., Sales Mgr., Com- 
mercial Div., DeLaval Steam Turbine 
Co., Trenton, N.J. (Apr. '51) 

Cullum, George P., Sr., Partner, W. G. 
Cullum & Co., 502 Great National Life 
Bldg., Dallas 1, Tex. (Apr. '51) 

Davis, Rudolph, Salesman, Davis Meter 
Repair & Supply Co., Thomasville, Ga. 
(Apr. 

Day, Robert V., Research Chemist, 
Wallace & Tiernan Co., Inc., Belleville, 
N. J. (Apr. 51) P 

Deming, J. E., see Elizabethtown (N.Y.) 
Water Co. 

Denise, William D., Monroe County 
Water Authority, 486 Demise Rd., 
Rochester 16, N.Y. (Apr. ’51) 

De Puy, Emerson, Sales Engr., 679 First 
National Bank Bldg., Chicago 3, III. 
(Apr. ’51) 

Dixon, L. A., Jr., Asst. Vice-Pres., Meter 
& Valve Div., Rockwell Manufacturing 
Co., Pittsburgh, Pa. (Apr. ’51) MPR 

Donovan, Terrence H., Exec. Officer 
State of California Colorado River Basin 
Water Pollution Control Board, 82—454 
Miles Ave., Indio, Calif. (Apr. ’51) R 

Drumb, Elmo Clifton, City Engr., 
Denison, Tex. (Apr. ’51) M 

Elizabethtown Water Co., J. E. Deming, 
Secy.-Treas. & Supt., Elizabethtown, 
N.Y. (Corp. M. Apr. ’51) M 

Everett, C. H., Pres. Calude Everett Inc., 
Box 500, Houston 1, Tex. (Apr. ’51) 

Eynon, George F., Asst. Div. M¢gr., 
Municipal Management Co., 121 S. 
Broad St., Philadelphia 7, Pa. (Apr. ’51) 

Ferdinand Water Works, Erwin Schafer, 
Supt., Munic. Light & Power Plant, 
Ferdinand, Ind. (Corp. M. Apr. ‘51) 
MPR 

| Floyd, Charles, Jr., Sales Engr., Badger 

| Meter Mfg. Co., Box 1897, Greenville, 

S.C. (Apr. 


(Continued on page 32) 
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SINGLE AND DOUBLE LID 


METER BOX COVERS 


for every Climate and Condition 


Ford Meter Box Covers are made in sizes to fit 
on meter box barrels or tile from 15” to 36” diam- 
eter. They are made with several sizes of lid open- 
ings, with inset or overlapping lids, for sidewalk 
or lawn installations, for light or heavy traffic 
conditions. For really cold climates double-lid 
covers are recommended. 

All are fitted with the Lifter Worm Lock that 
effects a tight fit, permits easy opening even 
when sealed with ice or dirt and makes it 

easy to lift the lid with the key. 
Send for complete Ford Catalog No. 
46. It describes Ford Covers and many 
other useful devices for more efficient 

metering of water services. 


THE FORD METER BOX COMPANY. INC. 


FOR BETTER WATER SERVICES 


Wabash, Indiana 
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Foley, Joseph, Water Consultant, E. I. 
du Pont de Nemours & Co., Wilmington 
98, Del. (Apr. ’51) PR 

Fox Point, Village of, W. J. Blong, Village 
Engr., 8340 N. Lake Dr., Milwaukee 
11, Wis. (Mun. Sv. Sub. Apr. '51) 

Gordier, Robert Loro, Student, Univ. of 
Minnesota, Minneapolis 14, Minn. (Jr. 
M. Apr. ’51) 

Haestad, Roald J., Clinton L. Bogert 
Assocs., 624 Madison Ave., New York, 
N.Y. (Apr. 

Hart, Virgil S., Water Supt., Elma, Wash. 
(Apr. ’51) MPR 

Heldenfels, F. W., Jr., Partner, Heldenfels 
Bros., Box 1917, Corpus Christi, Tex. 
(Apr. '51) 

Holmes, D. Max, Inspector, Water Pro- 
ject, Box 682, Hallandale, Fla. (Apr. 
’51) 

Homestead Water Works, Gordon W. 
Ivey, Supt. of Utilities, 940 N.W. Ist 
Ave., Homestead, Fla. (Mun. Sv. Sub. 
Apr. '51) M 

Ivey, Gordon W., see Homestead (Fla.) 
Water Works 

Johnson, Frank W., Asst. Supt., Water 
Dept., City Hall, The Dalles, Ore. 
(Apr. MP 

Keep, Merna, see Alderwood (Wash.) 
Water Dist. 

Kilkenny, T. D., see Vallejo (Calif.) 

Kinneally, James J., Secy. & Acting 
Supt., Board of Water Comrs., City 
Hall, Rahway, N.J. (Apr. ’51) 

Koether, Reuben H., City Mgr. & Mer. 
of Utilities, 703 West St., Yoakum, 
Tex. (Apr. ’51) MPR 

Kubala, John, Water Supt., West, Tex. 
(Apr. ’51) 

Laffey, William T., Field Engr., Infilco 
Inc., 2188 B Daisy Lane, Schenectady 
9, N.Y. (Apr. P 

Lakeland Light & Water Dept., Charles 
Larsen, Supt., Box 480, Lakeland, Fla. 
(Corp. M. Apr. ’51) M 

Larsen, Charles, see Lakeland (Fla.) 
Light & Water Dept. 

Leamington Public Utilities Com., A. C. 
Northover, Mgr., Leamington, Ont. 
(Corp. M. Apr. ’51) 

Lefler, W. A., Owner, Lefler Wyomont 
Supply Co., 234 Stapleton Bldg., 
Billings, Mont. (Apr. 51) P 
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Leuckel, Carl N., Water Supt., 215 
Doerr St., Perryville, Mo. (Apr. ’51) 
Lundberg, Herman Frederick, Cons. 
Engr.-Partner, The Chester Engrs., 
210 E. Parkway, Pittsburgh 12, Pa: 

(Apr. ’51) MPR 

Marsh, Elmo L., City Engr., Box 891, 
Shelby, Mont. (Apr. 51) M 

MeArtor, W. P., Inspector, J. B. Wilson, 
Indianapolis, Ind. (Apr. ’51) 

McGraudy, Grant Logan, Pumping Plant 
Operator, Southern California Water 
Co., 1206 S. Maple, Los Angeles, 
Calif. (Apr. '51) MP 

McNeal, Francis E. J., Asst. Civ. Engr., 
Water Dept., 215 W. Broadway, Long 
Beach, Calif. (Apr. ’51) M 

Mitler, G. G., Branch Mgr., E. S. Stephen- 
son & Co., Ltd., 155 Granville St., 
Halifax, N.S. (Apr. ’51) 

Morkus, Vincent A., Chemist & Bacte- 
riologist, Metropolitan Dist. Water 
Bureau, 115 Broad St., Hartford, Conn. 
(Apr. ’51) 

Morris, Robert L., Prin. Water Analyst, 
State Hygienic Lab., SUI, Iowa City, 
Iowa (Apr. ’51) P 

Noll, Dean C., Engr., North Jersey Dist. 
Water Supply Com., Wanaque, N.J. 
(Jr. M. Apr. '51) 

Northover, A. C., see Leamington (Ont.) 
Public Utilities Com. 

Obert, L. R., Mgr., Santa Fe Tank & 
Tower Co., 5401 S. Boyle Ave., Los 
Angeles 58, Calif. (Apr. ’51) 

O’Donnell, John R., Owner, J. R. O’Don- 
nell & Co., 1070 Bryant St., San 
Francisco, Calif. (Apr. ’51) 

Paragon Munic. Water Works, O. E. 
Shuler, Paragon, Ind. (Corp. M. July 

Parker, William W., Supt., Water Works, 
Mackinaw City, Mich. (Apr. '51) M 
Plowman, Herbert L., Secy., Gary-Hobart 
Water Corp., 545 Broadway, Gary, 

Ind. (Apr. ’51) M 

Puro-Filter Corp., Richard A. Sloss, Secy., 
21-01—Sist Ave., Long Island City, 
N.Y. (Corp. M. Apr. '51) 

Rademacher, John Martin, Sales & 
Service Engr., Wallace & Tiernan Co., 
230 E. Ohio, Indianapolis 5, Ind. (Apr. 
MP 
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repairing 
bell and 
spigot 
joint leaks 


In the SKINNE®-SEAL 
Bell Joint Clamp, 
gasket is completely 
SEALED and pro- 
tected by Monel Metal 
Band. Massive %” 
high-tensile steel bolts, 
cadmium plated. 

This speedy one-man 
installation cuts 

repair costs. 


Write for Catalog! 


M.B. SKINNER CO. 
South Bend 21, Indiana 
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Rogers, Edgar M., Salesman, General 
Chemical Div., Box 970, Charlotte, 
N.C. (Apr. '51) P 

Russell, Conrad F., see Weatherford (Tex.) 

Schaefer, Edward W., Public Health 
Engr., U.S. Public Health Service, Red 
Cross Bldg., 417 E. 13th St., Kansas 
City 6, Mo. (Apr. 51) 

Schafer, Erwin, see Ferdinand (Ind.) 

Shehadi, Fawzi Ibrahim, San. Engr., 
Ministry of Public Health, American 
Univ., Beirut, Lebanon (Apr. ’51) MR 

Shuler, O. E., see Paragon (Ind.) 

Sirola, Oliver J., Supervisor, Water Dept., 
Painesville, Ohio (Apr. 51) M 

Slaby, Francis J., Graduate Student, 
Johns Hopkins Univ., Baltimore 18, 
Md. (Apr. ’51) R 

Sloan, Odes, Water Supt., & Sewer Engr., 
City Hall, 4 E. Kennewick Ave., 
Kennewick, Wash. (Apr. ’51) M 

Sloss, Richard A., see Puro-Filter Corp. 

Snider, Harold R., Supt., Munic. Water 
Utility, Morgantown, Ind. (Apr. ’51) 

South Norwalk Second Dist. Water Dept., 
Elmer F. Bracken, Gen. Myr., City 
Hall, N. Main St., South Norwalk, 
Conn. (Corp. M. Apr. 51) 

Steed, Brandon E., Pipe Salesman, Johns- 
Manville Sales Corp., 917 State Planters 
Bank Bldg., Main & 9th Sts., Richmond, 
Va. (Apr. ’51) M 

Stephenson, A. E., Pres., E. S. Stephenson 
& Co., Ltd., 15 Dock St., St. John, N.B. 
(Apr. 

Stoertz, Robert W., Control Lab. Director, 
West Virginia Pulp & Paper Co., 
Charleston, A, S.C. (Apr. ’51) P 

Suarez, Doyle J., Jr., Asst. Secy., The 
Baton Rouge Water Works Co., Drawer 
2391, Baton Rouge, La. (Apr. ’51) M 

Swisher, A. Dale, San. Engr., Engr. 
Section, Hdq. & Service Command, 
GHQ, FEC, APO 500, c/o Postmaster, 
San Francisco, Calif. (Apr. '51) 

Symons, E. A. C., Chief Engr., Public 
Utilities Com., 19 Queen St., Kingston, 
Ont. (Apr. '51) 

Trueheart, J. C., Owner, J. C. Trueheart, 
812 Insurance Bldg., San Antonio, Tex. 
(Apr. ’51) 

Vallejo, City of, T. D. Kilkenny, City 
Engr., Room 4, City Hall, Vallejo, 
Calif. (Corp. M. Apr. ’51) MPR 
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Van Wambeke, Ned, Salesman, Waterous 
Co., 80 E. Fillmore, St. Paul 1, Minn. 
(Apr. '51) 

Vexler, Nathaniel, Sr. Engr., Elec. Branch, 
Mech. Dept., Mekoroth Water Co., 
Ltd., 111 Allenby Rd., Tel Aviv, 
Israel (Apr. ’51) MP 

Vry, D. C., Layne-Minnesota Co., Box 
347, Billings, Mont. (Apr. ’51) PR 

Weatherford Munic. Water & Elec. Dept., 
Conrad F. Russell, Mgr., 201 Palo Pinto 
St., Weatherford, Tex. (Corp. M. Apr. 
MR 

Wells, K. R., Canadian Branch Mer., 
George Kent Ltd., Royal Bank Bldg., 
Toronto 1, Ont. (Apr. ’51) 

Willard, Harry E., Water Service In- 
spector, Water Dept., 323 County-City 
Bldg., Seattle, Wash. (Apr. '51) 

Williams, Charles W., Mer., Fordyce 
Water Co., Box 620, Fordyce, Ark. 
(Apr. ’51) M 

Zody, Carl T., Gen. Supt., C & C Construc- 
tion Co., 2001 E. Pontiac St., Fort 
Wayne, Ind. (Apr. '51) 


REINSTATEMENTS 


Biddle, Earl W., 2 Lenox Ave., Cranford, 
N.J. (Oct. '37) 

Campion, Harry T., San. Engr., State 
Dept. of Health, First National Bank 
Bldg., Greensburg, Pa. (Apr. '44) P 

Gaboury, Maurice, San. Eng. Div., 
Ministry of Health, 1570 St.-Hubert 
St., Montreal 24, Que. (Jan. '34) 

Jenne, Lyle L., San. Engr., Bureau of 
Water, 825 City Hall Annex, Phil- 
adelphia 7, Pa. (June ’21) MPR 

Kenney, Don, Foreman, Water Dept., 
305 S. Oak St., McPherson, Kan. (Jan. 
*49) 

Smith, Doyle, Water Supt., Box 3, 
Hobart, Okla. (Jan. '49) 

Whiddon, Edwin L., Supt. of Water Dept., 
Bellaire, Tex. (Oct. '46) M 

White, Hardin, Supt., Water & Sewage, 
Altus, Okla. (Jan. ’49) 


LOSSES 


Deaths 


Geisinger, G. L., Cons. Engr., 122 Elliott 
Ave., W., Seattle 99, Wash. (Jan. °49) 
P 
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Sizes 3“ to 36”, cold water, full open or tight Sizes 2” to 36”, cold and hot water, low or 
closed action, inlet pressure 20 psi-250 psi. high pressure, throttling design. 


Sizes Ya" to 2", cold water, all bronze snap Sizes 3” to 36”, cold or hot water, pressure 
action, pressure 20 psi to 175 psi. 20 psi.-250 psi. 


-water level control 


GOLDEN - ANDERSON Cushioned 
OAT VALVES 


Illustrated above are a few of the many Golden-Anderson float 
operated control valves designed for either cold or hot water, 
open or closed tank service in reservoirs, tanks, coagulating basins, 
mixing chambers, etc. These valves may be of either the quick- 
opening or throttling design with integral or remote pilot control— 
available in angle or globe body pattern. This special air and 
water cushioning feature prevents any chatter or bang in operation. 

Write for our engineering bulletins. 

They will interest you! 


2091 KEENAN BUILDING x PITTSBURGH 22, PA. 
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The STRENGTHS you need 


a Shire 


The strengths demanded of pipe to 
be laid under expensive modern pave- 
ments, if costly repairs and replace- 
ments are to be avoided, are known 
strengths—proved by experience and 
determinable by tests. The four 
strength factors that pipe must have 
to withstand beam stresses, external 
loads, traffic shocks and abnormal 
working pressures are listed on the 
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drait horse 


opposite page. No pipe, deficient in 
any of these strength factors, should 
ever be laid in paved streets of cities, 
towns or villages! Cast iron water 
and gas mains, laid over a century 
ago, are serving today in the streets 
of 30 or more cities. These service 
records prove that cast iron pipe not 
only resists corrosion but has all the 
vital strength factors of long life and 
economy. 
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pipe for city 


No pipe that is deficient in any of 
the following strength factors should 
ever be laid under paved streets. 


CRUSHING STRENGTH 
The ability of cast iron pipe to withstand external loads 
imposed by heavy fill and unusual traffic loads is proved by 


the Ring Compression Test. Standard 6-inch cast iron pipe 
withstands a crushing weight of more than 14,000 Ibs. per foot. 


BEAM STRENGTH! 
When cast iron pipe is subjected to beam stress caused by 
soil settlement, or disturbance of soil by other utilities, or 


resting on an obstruction, tests prove that standard 6-inch 
cast iron pipe in 10-foot span sustains a load of 15,000 Ibs. 


SHOCK STRENGTH 


The toughness of cast iron pipe which enables it to with- 
stand impact and traffic shocks, as well as the hazards in 
handling, is demonstrated by the Impact Test. While under 
hydrostatic pressure and the heavy blows from a 50 pound 
hammer, standard 6-inch cast iron pipe does not crack until 
the hammer is dropped 6 times on the same spot from pro- 
gressively increased heights of 6 inches. 


BURSTING STRENGTH 


In full length bursting tests standard 6-inch cast iron pipe 
withstands more than 2500 ibs. per square inch internal 
hydrostatic pressure, which proves ample ability to resist 
water-hammer or unusual working pressures. 


CAST IRON PIPE RESEARCH ASSN., THOS. F. WOLFE, MANAGING DIRECTOR, 122 SO. MICHIGAN AVE., CHICAGO 3. 


SERVES FOR 
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Morgan, Robert M., Director of Water, 
City Bldg., Fairmont, W. VA. (Jan. 
MP 

Moses, D. V., Tech. Supt., Ammonia 
Dept., E. I. du Pont de Nemours & 
Co., Belle, W.Va. (July '39) 

Schmid, E. B., Schuyler, Neb. (July '46) M@ 

Scoular, Spencer Gray, City Engr., 
Dunedin City Corp. of New Zealand, 
Town Hall, Dunedin, C.I., New Zealand 
(Jan. 


Resignations 
Ayliffe, Ora C., Supt., Water Works, 
1429—7th St., S., Fargo, N.D. (July 
Chamblee, Graham V., Forest Mer., 
Newport News Water Works Com., 
Denbigh, Va. (Jan. '’47) R 


English, Wayne, Local Megr., Hoosier 


Water Co., Bloomfield, Ind. (Oct. ’50) 

Erwin, Raymond A., Elec. Engr., Los 
Angeles Dept. of Water & Power, 410 
Ducommun St., Los Angeles 12, Calif. 
(Jan. '47) M 


Grant, Walter Schuyler, Jr., Chief Engr., 
Water Works Com., Newport News, 
Va. (Oct. ’49) MPR 

Hamilton, S. C., Dist. Sales Mgr., Chicago 
Bridge & Iron Co., 1412 National 
Standard Bldg., Houston 2, Tex. (Jan. 
P 

Hartford Rayon Corp., O. W. McLane, 
Supt., Rocky Hill, Conn. (Corp. M. 
Oct. 

Hickcox, R. M., Water Supt., Water 
Shop, Wenatchee, Wash. (Apr. ’38) 

Huffman, H. H., Supt., Water & Street 
Lighting Dept., Topeka, Kan. (Jan. ’32) 

Jacoby, Gordon C., Jacoby, McGrayne 
& Co., Cons. Engrs., 8 Essex St., 
Hackensack, N.J. (Oct. 

Kilgour, Ross G., Mgr., Crescenta Mutual 
Water Co., 2012 Montrose Ave., 
Montrose, Calif. (Oct. ’48) 

Moore, Herbert, Hydr. & San. Engr., 
1330 N. Franklin Pl., Milwaukee 2, 
Wis. (July '28) MPR 

Rippey, George S., Mech. Engr., 1823 
S. Delaney St., Orlando, Fla. (Jan. ’47) 

Teckoe, John Edward, Jr., Gen. Mer., 
Public Utilities Com., 62 Dickson St., 
Galt, Ont. (Apr. MR 


Washburn, Edward A., Mer., Public 
Utilities Com., Ingersol, Ont. (Apr. '48) 


CHANGES IN ADDRESS 


Changes received between May 5 and 
June 5, 1951 


Alexander, Aleck, 2715 Jefferson St., 
Boise, Idaho (July '48) 

Alexandria Water Dept., R. L. Lawrence, 
Chemist, City Hall, Alexandria, La. 
(Corp. M. Jan. ’43) P 

Allen, Victor H., 94 Hastings Avenue, 
Croton-on-Hudson, N.Y. (Jan. '39) 

Bird-Archer Co., H. C. Stevens, Tech. 
Director, 4337 N. American St., Phil- 
adelphia 40, Pa. (Assoc. M. July '29) 

Blackburn, Schuyler Coe, Deputy Director 
of Civil Defense, 3303 Frisby St., 
Baltimore 18, Md. (Jan. '42) M 

Blais, Marcel, 206 Manseau St., St. 
Joseph, Que. (Oct. '49) 

Brinck, Claiborne W., Director, Div. 
Environmental San., State Board of 
Health, Helena, Mont. (Jan. '43) 

Cary, E. S., 130 Highland St., Evansville, 
Wis. (Oct. '35) 

Cissna, George W., Southwest Mer., 
Neptune Meter Co., 315 Cole St., 
Dallas 2, Tex. (July ’35) 

Crane, Harlan B., Civ. Engr.-Repr., 
Infilco Inc., 2145 Route 4, Fort Lee, 
N.J. (July '43) P 

Crawford, Lawrence C., Dist. Engr., U.S. 
Geological Survey, 1509 Hess St., 
Columbus 12, Ohio (Jan. °47) R 

Gomez Laurens, Gilberto, Calle 18 No. 
8-35, Bogota, Colombia (Jr. M. Oct. ’49) 

Green, Carl E., Cons. Engr., Carl E. 
Green & Assocs., 510 Henry Bldg., 
Portland 4, Ore. (July '31) MPR 

Halpin, David J., 2301 Pemberton Dr., 
Toledo 5, Ohio (Jr. M. Oct. '50) 

Hazen, Richard, Cons. Engr., 110 E. 
42nd St., New York 17, N.Y. (July 
*37) PR 

Henderson, William Bartow, Statistician 
& Records Clerk, Water Dept., 510 
Opa Locka Blvd., Miami 38, Fla. 
(Oct. ’50) 

Herring, R. S., see Kamloops (B.C.) 

Jens, Stiffel W., 101 S. Meramec Ave., 
St. Louis 5, Mo. (Jan. '44) R 


(Continued on page 40) 
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Consulting Engineer 
Floyd Browne specifies 


for 
Bucyrus, Ohio, 
water plant 


Ramuc Utility —a glossy, chlorin- 
ated rubber-based enamel—pro- 
tects and beautifies walls, ceilings, 
concrete, masonry and piping. 
Stays colorfast, hard, under 
strongest cleansers. 


@In specifying Inertol paints for this 
beautiful, modern water plant in Bucyrus, 
Ohio, Floyd Browne and Associates of 
Marion, Ohio, knew from experience that 
these superior coatings would far exceed 
the requirements of hardness, elasticity, 
chemical inertness and beauty. Each 
product in the Inertol line has been de- 
veloped specifically for water works ap- 
plication. The durability and long-lasting 
qualities of these paints have been proved 
in hundreds of installations throughout 
the country. 


Here is another of the ever-increasing 


INERTOL 


480 Frelinghuysen Avenue 
Newark 5, New Jersey 


file of ‘case histories,” where expert con- 
sulting engineers have specified Inertol 
products—specified because of the assur- 
ances of long-range quality performance. 
If you are interested in the most suit- 
able type of surface coatings that can be 
specified with assurance of complete sat- 
isfaction, our Field Technicians will be 
pleased to discuss this line fully with you 
at your office. Or write today for the 
‘Painting Guide,” an invaluable aid for 
Design Engineers, Specification Writers, 
Contractors and Plant Superintendents. 
Address Inertol office nearest you. 


CcO., INC. 


27 South Park, Department 1 
San Francisco 7, California 
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(Continued from page 38) 


Jobe, J. B., Asst. Mgr., Aviation Industry 
Section, Johns-Manville Sales Corp., 
22 E. 40th St., New York 16, N.Y. 
(July 

Johnson, Meredith E., State Geologist, 
Dept. Cons. & Economic Development, 
520 E. State St., Trenton 8, N.J. 
(Affil. July '38) R 

Kamloops, City of, R. S. Herring, City 
Engr., Water Works Dept., 112 Lorne 
St., Kamloops, B.C. (Corp. M. Apr. 
M 

Kelso, Gilbert L., School of Public Health, 
Univ. of North Carolina, Chapel Hill, 
N.C. (May ’30) P 

Kendrick, R. A., see New Mexico, Uni- 
versity of 

Kingston Public Utilities Com., F. J. 
Parker, Gen. Megr., 19 Queen St., 
Kingston, Ont. (Corp. M. July ’°41) 
MP 

Kolkowitz, Hyman, 13824 Oxnard St., 
Van Nuys, Calif. (Oct. ’48) PR 

Koon, Ray Emerson, Stevens & Koon, 
Cons. Engrs., 404 S.E. 68th Ave., 
Portland 16, Ore. (Feb. ’22) 

Krell, A. J., 6412 Rutgers, Houston 5, 
Tex. (Apr.”39) MPR 

Lalonde, J. A., Cons. Engr., 7379 St. 
Hubert St., Montreal 10, Que. (Apr. 

Lawrence, R. L., see Alexandria (La.) 

Lemieux, Pierre, City Chemist, Water 
Purif., 121 Berard St., Drummondville, 
Que. (Oct. ’50) 

Limbaugh, James E., Box 766, Fostoria, 
Ohio (Jan. ’51) 

MacLean, Gordon E., Sales & Service, 
Dearborn Chemical Co., 918 Brownlee 
Rd., Memphis 16, Tenn. (Oct. ’49) 

Martin, H. Fred, 24 California St., San 
Francisco 11, Calif. (Jan. MPR 

Mayfield, David A., Jr., Secy.-Treas., 
Mayfield & Son Co., 131 E. Bay St., 
Jacksonville 2, Pla. (Jan.’51) P 

McKim, Township of, Frank Totino, 
Engr., 11 Elm St., E., Sudbury, Ont. 
(Corp. M. Jan. ’51) 

New Mexico, University of, R. A. Ken- 
drick, Acting Supt., of Utilities, Utility 
Dept., Albuquerque, N.M. (Corp. M. 
Oct. '47) M 


- Ongerth, Henry J., Sr. San. Engr., Bureau 


of San. Eng., 1843 Berryman St., 
Berkeley 3, Calif. (Oct. ’39) P 


V ol. 43, No.7 


Parker, F. J., see Kingston (Ont.) 

Peirce, Millard O., Jr., Peirce-Tredinick 
Co., Inc., 202-204 Frelinghuysen Ave., 
Newark 5, N.J. (July 48) R 

Perry, Robert E., Sales & Service Engr., 
Wallace & Tiernan Co., Inc., 117 Wade 
Lane, Oak Ridge, Tenn. (July ’50) 

Porter, Earl, Partner, Porter, Barry & 
Switzer, Cons. Engrs., Box 1667, Baton 
Rouge, La. (Jan. ’49) P 

Richmond, Maurice S., Asst. Engr., Div. 
of Eng., State Dept. of Health, Lansing, 
Mich. (Jan. 

Rinehart, Ray G., Sales Engr., James B. 
Clow & Sons, 202 Timber Lane, South 
Bend, Ind. (Apr. ’48) 

Robbins Mills, Inc., V. T. Fahringer, 
Chief Engr., Clarksville Finishing Div., 
Clarksville, Va. (Corp. M. July °49) 
MPR 

Robinson, T. C., City Engr., City Hall, 
Georgetown, S.C. (July ’38) 

Runyan, Marvin W., Design Engr., 
Stevens & Koon, 732 S.W. 3rd Ave., 
Portland 4, Ore. (Jan. ’51) 

Stevens, H. C., see Bird-Archer Co. 

Stone, Raymond V., Jr., Research San. 
Engr., Univ. of California, Richmond 
Field Station, 1301 S. 46th St., Rich- 
mond 4, Calif. (Apr. ’50) 

Talcott, George R., R. Stuart Royer & 
Assocs., 401 Virginia Bldg., Richmond, 
Va. (Jan. 

Taylor, Orville W., 924 Park Ave., 
Dunbar, W. Va. (Oct. '46) 

Thompson, H. Loren, Engr., Stevens & 
Koon, 732 S.W. 3rd Ave., Portland 4, 
Ore. (Jan. ’46) PR 

Tobin, David, Sales Engr., Jos. W. Eshel- 
man & Co., Inc., 521 N. Church St., 
Charlotte 6, N.C. (Oct. ’48) 

Totino, Frank, see McKim 

United Concrete Pipe Corp., Henry A. 
Weigand, Box 425, Baldwin Park, 
Calif. (Assoc. M. Apr. ’48) 

Valve & Primer Corp., F. H. Bradford, 
Pres., 356 W. Huron St., Chicago 10, 
Ill. (Assoc. M. Apr. 48) 

Weigand, Henry A., see United Concrete 
Pipe Corp. 

Wright, K. W., Sales Engr., Jos. W. 

Enshelman & Co., Inc., 521 N. Church 

St., Charlotte 6, N.C. (Apr. ’49) 
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with the 


Accelator’ 


Chester, Illinows, 
no longer needs 2-hour 
presedimentation basin 


Ay 
So 


“T'd rather have an 
extra Accelator in place 
of the basin,” 
says HERMAN WELTON 


CLEARER WATER FASTER with exclu- 
sive slurry recirculation 

SAVE UP TO 80% in space (with 
lower construction costs) 

SIMPLER OPERATION — mixing, co- 
agulation, clarification and sludge 
removal all in one unit 

FASTER CHEMICAL REACTION 

HIGH RATINGS 


Supt. of Water Works 


This Infileo plant at Chester, Illinois, 
handles 2,000,000 g.p.d. of Mississippi 
River water ranging from 400 to 

4000 p.p.m. turbidity. The Accelator 
produces an effluent of 2 to 12 p.p.m. 
and is so efficient that a 2-hour 
presedimentation basin is no longer 
needed and has been taken out of service. 


NFI Ifo INFILCO INCORPORATED i Tucson, Arizona 


© BETTER WATER ‘CONDITIONING 


AND WASTE TREATMENT SINCE FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 
1894 


World’s Leading Manufacturers of Water Conditioning and Waste-Treating Equipment 


° 

ig 

: 


CONDENSATION 


Vol. 43, No.7 


Key: In the reference to the publication in which 
the abstracted article appears, 39:473 (May ’47) 
indicates volume 39, page 473, issue dated May 1947. 
If the publication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 
5, page 1, issue dated May 1947. Abbreviations following an abstract indicate that it 
was taken, by permission, from one of the following periodicals: B.H.—Bulletin of 
Hygiene (Great Britain) ; C.A.—Chemical Abstracts; Corr —Corrosion; I.M.—Insti- 
tute of Metals (Great Britain); P.H.E.A—Public Health Engineering Abstracts; 
S.I.W.—Sewage and Industrial Wastes; W.P.A—Water Pollution Abstracts (Great 


Britain). 


DISINFECTION 


A New Method for the Bacteriologi- 
cal Purification of Sea Water. M. 
Lunpporc, S. LinpHE & O. LEVIN. 
Handl. Chalmers Tekn. Hégskolas No. 
99 (’50). At fish-packing plants it is 
often desirable to rinse fish and shell- 
fish with sea water instead of fresh 
water, and for this purpose the sea 
water must be disinfected. The au- 
thors show that sea water has a con- 
siderable chlorine demand and _ that 
when chlorine or hypochlorite is added 
to sea water the numbers of bact. that 
grow on gelatin, nutrient agar and 


dextrose-tryptone agar may be _ in- 
creased instead of decreased. When 
nascent chlorine was produced by elec- 
trolysis of the sea water, however, the 
numbers of bact. were greatly reduced. 
Apparatus used for electrolyzing sea 
water and the methods used for detg. 


chlorine are described. Results of 
chlorination by the various methods 
are given in tables —W.P.A. 


The Bactericidal Action of Ozone. 
R. H. Lercuarpa, O. A. Peso & ANA 
Z. R. PaLazzoto. Rev. Obras. San. 
Nacion, 13:132:33 (’49). The bac- 
tericidal action of ozone was investi- 
gated on suspensions of Esch. coli and 
Cl. welchii (vegetative forms and 
spores) in water to which buffer solns. 
had been added and which had been 
rendered free from ozone demand. 
Estns. of ozone made by the o-t. test 
or, if concns. were more than 0.5 ppm., 
by iodometry. Its disinfectant power 
was also tested on raw Plate R. water 
and in coagulated and decanted river 


water. From these tests it has been 
found that the action of ozone on 
Esch. coli suspensions is rapid. Doses 
of 0.12 ppm. of ozone produce a 100% 
kill within 5 min. contact, and doses 
of 0.22 ppm. achieve this in three min. 
or less. Temperature and pH had 
very little effect on the bactericidal ac- 
tion. Similar results were obtained 
with suspensions of vegetative cells of 
Cl. welchii in the buffered water solns., 
a dose of ozone of 0.12 ppm. being 
effective within 5 min. On the other 
hand with the spores of Cl. welchii 
doses of 3 ppm. were required to pro- 
duce a 100% kill within 5 min. and 
0.25 ppm. produced the same result 
within 15 min. Ozone had a greater 
effect on the spores than chlorine for 
it was found that, under similar exptl. 
conditions, 10 ppm. of chlorine were 
required to bring about total destruc- 
tion of spores and even then this was 
not achieved with this dose until after 
30 min. contact; 2 ppm. of chlorine 
failed to have any effect at all after 1 
hour’s contact. Larger doses of ozone 
were required to sterilize Plate R. 
water having a 24 hours’ total plate 
count on agar at 37°C. of 10,000 per 
ml. It appears that the bactericidal 
action of the ozone proceeds pari passu 
with the oxidation of the ozone by the 
org. matter in the water (org. demand 
for ozone) and when a sufficient dose 
of ozone has been added to satisfy the 
whole of the demand, the water is 
found to be sterile. A dose of ozone 
of 6 ppm. sterilized the raw river 
water within 15 min. An expt. was 
also carried out with coagulated and 
decanted river water to which a dild. 


(Continued on page 44) 
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A large AMBERLITE ion exchange installation on 
the west coast actually uses sea water to regen- 
erate its water-softening resin. But you don’t 
have to have the ocean at your doorstep when 
you soften your water with AMBERLITE IR-120. 


AMBERLITE IR-120 cuts salt cost in half. 50% 
less salt—actually 4 pound per 1000 grains 
of hardness removed—restores this cation- 
removing resin’s high adsorptive capacity. Yet 
salt starvation does not impair quality of 
softened water. 


Extremely high in exchange capacity, operable 
at unusually high flow rates, stable to acid and 
alkali, AMBERLITE IR-120 gives long, trouble- 
free service. Ask your consulting engineer or 
water-treating-equipment manufacturer about 
this synthetic exchange resin—as the exchanger 
in a new softening installation, or as a replace- 
ment for low-capacity zeolites. 


FOR LOWER OPERATING COSTS...SEND TODAY 


Our folder shows you how to save money with 
high capacity, extremely stable AMBERLITE 
IR-120. Write Dept. WWI1-8 for your 
free copy. 


THE RESINOUS PROOUCTS Bivision 
Washington Square, Philadelphia 5. Pa. 
Representatives in principal foreign countries 


Ambeaute is a trade-mark, Reg. U.S. Pat. Off. and in principal 
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CONDENSATION 


A million dollars 
worth of research available in 
convenient, usable form at less 
than the cost of printing, which 
was largely absorbed by the 


JOURNAL. 


SURVIVAL 
AND 

RETIREMENT 
Experience With Water 

Works Facilities 
Containing vital information 
on the actual life of mains, 
valves, meters, services and 
other facilities in 26 cities, to- 
gether with 56 pages of sum- 
mary tables that condense the 


data for easier interpretation. 


Presents the facts of life 
(and death) of the facilities of 
water supplies serving almost 
10 per cent of all U. S. con- 


sumers plus 400,000 Canadians. 


576 pages $3.00 
American Water Works Association 
500 Fifth Avenue New York 18, N.Y. 
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suspension of Esch. coli had been 
added. The water was finally filtered 
through glass wool and the effect of 
doses of ozone from 0.2 to 1.6 ppm. 
was investigated by making total plate 
counts at intervals after dosing. As 
with raw river water it was observed 
that the bactericidal action begins be- 
fore any residual of ozone can be de- 
tected by the o-t. test and, by the time 
the ozone demand of the sample is 
satisfied, the water is sterile and the 
small quantity of ozone remaining per- 
sists for several min. A dose of ozone 
of 1.6 ppm. produced a sterile water 
within 2 min. and at the end of that 
time there was a residual of 0.16 ppm. 
of ozone, some of which persisted for 
more than 3 min.—B.H. 


Chlorine Dioxide as a Bactericidal 
Agent. F. V. H. Piper. Pub. Wks., 
81:1:46 (’50). When chlorination 
was used to disinfect the water supply 
for Niagara Falls, N.Y., tastes and 
odors developed. In 1944 treatment 
of the filtered water with chlorine di- 
oxide was adopted in conjunction with 
chlorination before filtration, but there 
were still intermittent tastes and odors. 
Analyses of the water showed that 
odorous samples contained 0.05 ppm. 
or more free residual chlorine. In 
1949 addn. of chlorine dioxide before 
filtration was adopted, followed after 
filtration by chlorination to give a re- 
sidual content of, at first, 0.2 ppm., 
and later 0.15 ppm. A slight chlo- 
rinous taste was still present, so finally, 
as the chlorine dioxide had been shown 
to be an adequate disinfectant, chlo- 
rination was discontinued, and treat- 
ment with chlorine dioxide before fil- 
tration is now used alone —W.P.A. 


The Effect of Ozone in Water on 
Cysts of Endamoeba histolytica. W. 
L. Newton & M. F. Jones. Am. J. 
Trop. Med., 29:669 (’49). Cysts of 
the NRS strain of Endamoeba histo- 


(Continued on page 46) 
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(Continued from page 44) 


lytica were exposed to varying concns. 
of ozone in aqueous soln. and the num- 
ber of surviving cysts was estd. by the 
ability of the treated cysts to grow in 
a medium to which the NRS bact. flora 
has been added. Over 99% of the 
cysts exposed were killed within 1-3 
minutes after applications of 0.5-1.0 
ppm. ozone. Variations in temp. bet. 
10° and 27°C. and in the pH range 
6.5-8.0 did not appear to affect the 
action of the ozone—W.P.A. 


Operating Characteristics of the 
Timmermann “Chlorownica Gorno- 
Staska” Injector-Type Chlorination 
Apparatus. W. HerMaNnowicz & W. 
DozansKa. Gaz, Woda i Tech. Sanit. 
(Poland) 24:425 (Dec. 50). Devices 
for chlorinating water may be divided 
into two classes depending on whether 
they operate at high or low pressure. 
First group includes Wallace and Tier- 


nan, “Polska Chlorownica,” Orne- 
stein, Paterson, Paradon, Remiesinicki 
and similar units, and their main de- 
fect, according to authors, is that 
chlorine may escape and constitute a 
hazard to workmen in area. Second 
group does not have this defect. 
Laboratory studies were made on 
newly developed low-pressure Tim- 
mermann “Chlorownica GérnoSstaska” 
apparatus to determine its mode of 
operation and to check theoretical dis- 
cussions previously submitted by au- 
thors of reactions taking place in unit. 
Reactions were at variance with those 
suggested by Rybak in earlier discus- 
sion of unit. [Authors present de- 
scription of app. but description does 
not seem clear to abstractor.] Chlo- 
rine and water are mixed after pas- 
sage through injectors and complete 
absorption (insofar as chem. anal. 
shows) of chlorine gas in water takes 


(Continued on page 48) 


Forn FULL REVENUE with | 


ty 
The superior accuracy built, into | 
Buffalo AMERICAN Meters enables 
you to earn full revenue from 
metered water in your system. 
Metered water is “fair to all.” 
Write for details. 


Buffalo 14, New Y. 


THE LAST WORD 


IN FEEDERS ... 


— for alum, lime, soda 
ash, ferric sulphate, sod- 
ium fluoride, carbon, and 
other water treatment 
chemicals. For Bulletins 
and complete informa- 
tion, address Omega 
Machine Company, (Divi- 
sion of Builders Iron 
Foundry) 365 Harris Ave., 
Providence 1, R. I. 


OMEGA MACHINE CO. 
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i ' —\3 q 
BUFFALO METER a 
COMPANY 
Main Street | 
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THE 


Continuous Duty 
General Purpose 


General Characteristics: 

SINGLE STAGE HORIZONTAL SPLIT CASE DESIGN 

DOUBLE & SINGLE SUCTION a Suction Sizes 144” through 
48”; Single Suction Sizes 2” & 3”) 

BOTTOM SUCTION (Bottom di Sizes 12” through 42”) 

BALL BEARING 

CAPACITIES: Up to 70,000 g.p.m. 

HEADS: Up to 300 feet. 


DRIVES: Direct-connected 
electric motor; belted 
drives; diesel, natural 


gas, and gasoline 


engine; steam TYPE A for 


TEMPERATURES: Handies pumping 
liquids up to 300°F. 


tvee A for 
Advanced design 


tree A for 
All capacities 
and heads 


tree A for 
Ample safety factor 


tyee A for 
Accuracy in 
construction 


tvee A for 
Added 
service life 


Write for Bulletins 
describing this 

and other Peerless 
horizontal and vertical 
pumps for application 
to all municipal 
services, from 

water supply 

through waste 
disposal 


PEERLESS PUMP DIVISION 
FOOD MACHINERY AND CHEMICAL CORPORATION 
Address inquiries to Factories at: 
los Angeles 31, California and Indianapolis 8, In- 
diana * Offices: New York, Atlanta, Fresno, Los 
Angeles, Chicago, St. Louis, Phoenix; Dallas, Piain- 
view and Lubbock, Texas; Albuquerque, New Mexico. 
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ELECTRO 
RUST-PROOFING 
AT WORK! 


At a midwestern city, ERP 
cathodic protection systems 
have been controlling corro- 
sion in large diameter clari- 
fiers for several years. A recent 
inspection showed that “about 
95% of the red lead undercoat 
was intact and—no pitting was 
taking place even at weld 
seams and bolt and fivet 
heads.” Following this inspec- 
tion, a neighboring city or- 
dered ERP systems for both its 
clarifiers and flocculators. 

ERP’s 15 years of continu- 
ous experience in cathodic 
protection is always at your 
service. 


REPRESENTATIVES IN 
PRINCIPAL CITIES 


E-14 


Electro Rust-Proofing Corp. (N 


BELLEVILLE 9, NEW JERSEY 


CATHODIC PROTECTION 
FOR ALL BURIED AND 
SUBMERGED STRUCTURES 


CONDENSATION 
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place. Reaction shown to be Cl, 
+ H.O HCl + HCIO. Operating 
characteristics are indicated and au- 
thors show apparatus discharged free 
chlorine at rates varying from 30 to 
430 g./hr. at temp. of 5-7°C., which 
gives Cl. concen. of 30-1220 ppm. 
Studies revealed that discharge through 
chlorine meter too small relative to 
discharge of water and that it should 
be increased by a factor of 2 for low 
temps. by a factor of 3. Discharge of 
free chlorine in subsequent models 
should range from 400 to 1000 g./hr.— 
C. P. Straub. 


Experimental Investigation of Fac- 
tors Hindering the Disinfection of 
Water by Means of Chlorine. S. V. 
Motseev. Gigiena (U.S.S.R.), 10:22 
(’49). Expts. are described which 
were made to investigate the mecha- 
nism of interference of org. substances 
with the bactericidal effect of chlorine 
in water. It was found that humic 
acids from various sources interfered 
with chlorination but that the extent 
of this interference varied with the 
source of the acid. In some expts. 
interference was not observed unless 
10-100 ppm. of humic acid added to 
water, but addn. of 0.1 ppm. of humic 
acid from another source entirely pre- 
vented any bactericidal action of 0.3- 
0.5 ppm. of free chlorine even after 
a period of contact of 2 hr. It is sug- 
gested that the effect of these acids 
may be due to surface activity, and 
that a monomolecular layer is formed 
over the surface of the bact., thus pre- 
venting access of chlorine. Humic 
acids are also colloids, and in a neutral 
medium they are coagulated with cal- 
cium, aluminum or iron compds., form- 
ing flocs which trap the bact. and give 
them partial protection from the action 
of chlorine. Other substances which 
increase surface viscosity and which 
also hinder chlorination include pep- 
tone, hydrolysed casein, amino acids 
and waste waters from slaughter 
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THE WELSBACH CORPORATION 
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2409 West Westmoreland St., Phila. 29, Pa. 
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CONDENSATION 


~ Oth Edition ~ 


Standard 
Methods 


~ 1946 ~ 


286 Pages Price $4.00 


Orders for the new edi- 
tion of Standard Methods 
for the Examination of Wa- 
ter and Sewage are now 
being filled through the 
publication office at A.P 
H.A. headquarters, 1790 
Broadway, New York 19, 
N. Y. ; 


Both cash and credit or- 
ders from A.W.W.A. mem- 
bers will receive promptest 
attention if sent directly to 
the A.P.H.A. office. If 
credit is desired, please in- 
dicate your A.W.W.A. af- 
filiation on the order. 


Published jointly by 


AMERICAN PUBLIC HEALTH 
ASSOCIATION 


and 


AMERICAN WATER WORKS 
ASSOCIATION 


V ol. 43, No.7 
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houses, meat-processing plants, tan- 
neries, adhesives manufacture, lac- 
dyeing works, soap works, spinning 
and weaving ruills, milk-processing, 
breweries ard glue manufacture.— 
W.P.A. 


Evaluation of the Antibacterial Ef- 
ficiency of Dilute Solutions of Free 
Halogens. L. GeERSHENFELD & B. 
Wirttin. J. Am. Pharm. Assn. 38:411 
(’49). A study has been made to com- 
pare the bactericidal efficiencies of dil. 
solns. of free bromine, free iodine and 
chlorine. Expts. were made in which 
0.5 ml. of 24-hr. cultures of Staphylo- 
coccus aureus, Sal. typhosa, Ps. aeru- 
ginosa, Esch. coli, and vegetative 
forms of B. megatherium, B. mesen- 
tericus, and B. subtilis were exposed 
for varying periods at temps. of 24° 
and 37°C. to 5 ml. of solns. contg. the 
halogens in conens. of 0.02%. Results 
showed that within a period of 15 min. 
chlorine was ineffective against all 
species tested. Bromine was effective 
within 1 min. against Staph. aureus, 
S. typhosa, and Esch. coli at 24°C. and 
against Staph. aureus only at 37° C.; 
it was ineffective within 15 min. 
against the other species. lodine was 
effective within 1 min. against all but 
B. subtilis and was ineffective against 
B. subtilis within 15 min. The effects 
of the presence of human plasma and 
the pH value on bactericidal efficiency 
were studied and results are given. In 
all tests iodine was more efficient than 
chlorine or bromine.—W.P.A. 


Process and Apparatus for the 
Sterilization of Liquids. C. Ronzi. 
Swiss 256,237. App. for the continu- 
ous disinfection of water by ozone 
comprises compressor unit, ozone gen- 
erator and disinfecting chamber with 
a gas diffusion plate in the bottom and 
an atomizing and mixing nozzle in the 
top. This nozzle is so designed as to 
provide a rotating bell-shaped film of 


(Continued on page 52) 
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Although you may not operateanM&H - 
Valve for a long period of time, your 
valve always opens or closes with ease. 
No sticking, no binding, no hard work. 
M & H Valves are dependable. In closing, 
the gates easily descend to a position 
opposite their seats. Then the spreader ~ 
_ makes a firm bronze-to-bronze seal. In 
opening, the spreader releases the seal. 
so the gates may rise freely out of the 
waterway. 


VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 


DAY OR NIGHT 
WINTER OR SUMMER 
YEAR AFTER YEAR 


Users report that M & H Valves seldom 
need repairs or new parts. Rugged in 


COMPLETE construction, dependable in operation, 
M & H Valves are designed for uninter- 
INFORMATION rupted service winter or summer, year 


after year. Sizes 2 to 30 inches; manual, 
hydraulic or motor operated M & H 
Valves are available with or without 
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liquid flowing down the walls of the 
chamber. Ozone is introduced through 
the sintered glass plate in the bottom 
and also with the water through the 
atomizing nozzle—W.P.A. 


Disinfection of Water. I. Free Io- 
dine. K. Symon. Scr. Med. Fac. 
Med. Univ. Masaryk, 23:1:1 (’49). 
The lethal effect of iodine on water 
microrganisms was investigated using 
aqueous solns. of iodine. Iodine has 
the same disinfecting effect as bromine 
and is 10 and 80,000 times more ef- 
fective than chlorine and phenol re- 
spectively; the disinfectant action in- 
creases with decreasing pH value, de- 
creases with increasing hardness of 
the water and is greatest at a temp. of 
20°-30°C. The iodine number of the 
water should be detd. before a test is 
made as org. matter combines with 
some of the iodine and inactivates it— 
W.P.A. 


Evaluating the Bactericidal Efficien- 
cies of Free Iodine and Available 
Chlorine by the “Semi-Micro” 
Method. L. GersHENFIELD & J. A. 
Pautst. Am. J. Pharm., 121:337 
(49). The batericidal properties of 
iodine and chlorine were investigated, 
using Klarmann’s “semi-micro” method 
in which 0.05 ml. of a 24-hr. culture 
of the test organism was placed in a 
test tube and mixed with 0.5 ml. of the 


disinfectant. After 10 min. sodium 
thiosulphate was added and 10 ml. of 
culture medium was poured into the 
tubes which were then incubated for 
48 hr. at 37°C. A modification of the 
F.D.A. method was also used. Solns, 
with 2% available chlorine were pre- 
pared from 5% sodium hypochlorite. 
The iodine soln. was prepared from 
2% tincture of iodine. With the 
“semi-micro” method, Salmonella ty- 
phosa was killed in 10 min. by a 
1: 4,000 soln. of available chlorine and 
by a 1:8,000 soln. of free iodine. 
Staph. aureus was killed in 10 min. by 
a 1:5,000 soln. of available chlorine 
and by a 1: 6,000 soln. of free iodine. 
With the modified F.D.A. method, S. 
typhosa was killed in 10 min. by a 
1:16,000 soln. of available chlorine 
and by a 1: 12,000 soln. of free iodine. 
Staph. aureus was killed in 10 min. by 
a 1:12,000 soln. of available chlorine 
and by a 1: 13,000 soln. of free iodine. 
—W.P.A. 


The Necessity for Disinfection of 
Mineral Waters. H. Becer. Zbl. 
Bakt., I, Orig., Zbl. Bakt., 1:152:333 
(48). The reasons for the fact that 
natural and artificial mineral waters 
are often of bad bact. qual. are dis- 
cussed. Since the war the method 
used in Berlin for disinfecting min- 
eral water has been to add 1,000 ppm. 
of “Micropur,” a complex salt of silver 
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Branch Offices: New York City + Philodelphio 
Mass. *S ih, Ga. * Cincinnati * Chicago * Kansas City * Woce, Tengu 
Loke City, Utoh Guthrie, Okla. * Seattle, Wash. Los Angeles 


In the Badger Foundries In Badger Precision Machine Shops 
On Badger Precis Assembi@ines In Badger 
Waves 
2 
7 
4 
“MEASURING THE 
First for Accuracy + 
Durability Sensitivi 


54 


there is nothing Like 
NOKADING 


GLASS COLOR 
STANDARDS 


Heilige Glass Color 

Standards are safely 
ted ta 

able plastic frames. 
They are more 
convenient and eco- 
nomical. They never 
fade or change, 
THEY NEVER FAIL. 


Write for Catalog No. 600-10 
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and sodium chlorides, and 2,000 ppm. 
of an activating agent which keeps the 
reaction acid. Other methods, such as 


the Catadyn process, are discussed.— 
W.P.A. 


Bacteriostatic Agents for the Steri- 
lization of Water. J. V. Frogs. 
Arqu. Inst. Biol. Exército (Brazil), 
9:5 (48). In tests on the efficiency of 
various filters for the disinfection of 
pold. water the most satisfactory re- 
sults were obtained with filters impreg- 
nated with silver salts. An AC filter 
impregnated with mercury salts was 
also very effective but the filtered 
water contained toxic concns. of mer- 
cury.—W.P.A. 


Industrial Applications of Sodium 
Chlorite and Chlorine Dioxide. 
KeitH S. MacLeop. Can. Chem. & 
Process Ind., 34:8:640 (Aug. ’50). 
ClO, employed in more than 150 Can. 
and U.S. munic. for destruction of 
taste and odors due to phenols, algae, 
org. matter, industrial wastes, etc. 
Bactericidally at least equal to Cl. 
Does not react with NH; and amines 
as does Cl and, therefore, not dissi- 
pated in such side reactions, free re- 
sidual persisting throughout distr. sys- 
tem. At least 1 chem. plant treating 
phenolic wastes with ClO.—R. E. 
Thompson. 


Low Iodine OK’d as Disinfectant. 
Chem. Eng. News, 28:1895 (’50). As 
the result of a joint Army-Navy proj- 
ect, a committee of the Natl. Research 
Council recommends that a compd. 
capable of liberating free iodine in 
concns. of 8 ppm. be used for the purif. 
of drinking water by troops in the 
field.—/ odine. 


Chemistry of Chlorination of Drink- 
ing Water Containing Ammonium 
Salts. S. A. Friptyanp. Gigiena i 
Sanit. No. 7:5 (’50). When water, 
buffered by a phosphate buffer to pH 
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Iron and Manganese, presentin 
many municipal water supplies, 
form stains, impart metallic taste, 
and cause clogging deposits. They 
interfere with practically all indus- 
trial processes, and make water un- 
desirable for home use. 


Find out which of these three meth- 
ods for iron and manganese removal 
best suits your community. Write for 
full information to The Permutit 
Company, Dept. JA-7, 330 West 42nd 
Street, New York 18, N. Y., or to 
Permutit Company of Canada, Ltd., 
6975 Jeanne Mance Street, Montreal. 


PERMUTIT 


WATER CONDITIONING HEADQUARTERS FOR OVER 38 YEARS 
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‘7-7.1, is treated with NH,Cl and is 
then chlorinated, the changes (chem.) 
that take place in the nature of the 
linkage of Cl during the process can 
be followed by titrations (to methyl 
orange) and by iodometry. The Cl 
taken up until the uptake curve shows 
a sharp downward break is the chlo- 
ramine Cl; Cl taken up after the break 
is free Cl. The concn. of the NH, 
salts is important, as dil. solns. require 
more than the theoretical amt. of Cl, 
and only in the presence of consider- 
able conens. of the NH, salts does the 
Cl requirement (Cl:N ratio) ap- 
proach the theoretical values. The 
change is quite apparent at a concn. 
of somewhat above 1 ppm. N. The 
concns. of Cl commonly used for water 
treatment lie in the region of the ex- 
istence of the chloramine type exclu- 
sively —C.A. 


Symposium on the Sterilization of 
Water. (B) Chemical Aspects of 
Chlorir.ation. A. T. Partin. J. Inst. 
Wtr. Engrs., 4:565 (’50). A new 
analytical procedure developed to study 
the formation and decompn. of chloro 
substituents of NH; in water. Mono- 
chloramine, dichloramine, NCl, and 
some mixts. of these compds. may be 
formed. These may be stable but espe- 
cially with excess of Cl may decomp. 
giving N and small amts. of nitrate. 
NCI, may be formed even with pH val- 
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(D) Other Processes 
With Special Reference to Ozone. 


ues up to 8. 


M. T. B. Waurtson. J. Inst. 
Engrs., 4:600 (’50). Ultraviolet light, 
catadyn Ag, and ultrasonics have been 
used experimentally but on no con- 
siderable scale. Ozone has definite 
place in water purif. Accounts of its 
use confusing; methods of production 
various. Bacteriol. removal complete. 
Filtration improved. Color reduced 
except with Mn. Taste and odor im- 


proved.—C.A. 
MISCELLANEOUS 
The Determination of Small - 


Amounts of Cyanide. W. G. Foyer. 
S. Af. Indus. Chem. 3:53 (’49). 
Four methods are described for the 
detn. of small amounts of cyanide in 
water. In each method the cyanide is 
first distilled off into an absorbing so- 
lution so that double and complex 
cyanides, which may also be responsi- 
ble for poln., are included in the detn. 
If sulfides are present they should first 
be removed by pptn. with lead car- 
bonate, and strong oxidizing agents 
should be absent during distn. to pre- 
vent conversion of cyanide to cyanate 
and the decomposition of thiocyanate. 
The Prussian Blue method is not very 
sensitive and is unsuitable for concns. 
of cyanide of less than 1 ppm., but it is 
specific for cyanides. The silver cy- 
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IT’S ALL IN THE 


is pulled first. This 
quickly releases 


THE RENSSELAER WEDGE GIVES 


OPENING 
cLosinG 


Yes, the first turn of the valve stem mechanical- 
ly starts one gate first. This at once unwedges 
both gates — no dragging — easy lifting. In clos- 
ing, both gates are wedged tight shut WHEN 
they reach the closing point — their seats, 
not before. This minimizes friction, wear. All pom 
Rensselaer Double Disc Gate Valves in sizes 3. Wedges, SOUD BRONZE in sizes 10” 


10” and larger have SOLID BRONZE Wedges end larger. Wedges in these sizes 
for smoother and more positive closing and have Long and Short Wedging Sur- 
opening. faces. side 
Other Rensselaer features include SOLID imum ease in Opening. sid 


BRONZE parts subject to wear. Castings are 4. High Tensile Strength, Corrosion 
high tensile strength corrosion-resistant iron. Resistant en, 

Interchangeability of parts insures low mainte- Bex Bolts rest-proofed. 
nance cost. There are thousands of these fine 6. Easy to Repock—omple stuffing box 


valves in use. Ask your Rensselaer representa- depth and diameter. 
tive for further information on these and other 7. Minimum wear on Rings — Gates 
Rensselaer products, in “fully closed” po- 
8. Parallel, collapsible Discs— no stick- 
RENSSELAER 
ALVE COMPA 4 

10, Life — Thousands still 
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THE MANUAL OF 
WATER WORKS 
ACCOUNTING 


—a joint A.W.W.A.- 


M.G.0.A. project 


One of the lessons of the 
postwar period was the dis- 
closure that many water 
works need to consider seri- 
ously a major job of face- 
lifting on their accounting 
systems. Faced with the 
fact of inflation, many an 
executive has found his fi- 
nancial records inadequate 
to provide the data and anal- 
yses needed to guide him 
in his current policies and 
practices. 


Now is the best time to 
do something about the sit- 
uation. If you already have 
a copy of the Association’s 
Manual, read it and heed it. 
If you do not, why not send 
in your order today? 


500 pages, $4.00 * 


*Special price to A.W.W.A. members 
sending cash with order—$3.20. 


American Water 
Works Association 


500 Fifth Avenue 


New York 18, N.Y. 
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anide method, based on comparison 
with standards of the opalescence 
formed when silver nitrate is added to 
solutions containing cyanide, will det. 
1 part of cyanide in 5 million parts of 
water. The ferric thiocyanate method, 
which is also colorimetric, is specific 
for cyanides but, as the color fades 
quickly, the test is not very reliable. 
In the fourth method, phenolphthalein, 
in the presence of cyanide and a copper 
salt, is oxidized to phenolphthalein in 
alk. soln., giving a characteristic red 
color. The method can be used for 
conens. as low as | part in 50 million. 
All these methods can be adapted for 
detg. hydrogen cyanide in the atmos- 
phere.—W.P.A. 


New Test for Free Chlorine or 
Bromine. R. F. Mitton. Nature 
(Br.) 164:448 (’49). A method for 
the detn. of traces of free chlorine in 
water is based oni the reaction of free 
chlorine and cyanides to form cyano- 
gen chloride. The cyanogen chloride 
is allowed to react with pyridine, or a 
pyridine derivative, to form a quater- 
nary compd., which on condensation 
with aromatic amines produces di-anil 
derivatives with an intense red color. 
This color can be compared visually 
against standards or measured photo- 
electrically. Free bromine is the only 
substance which reacts with cyanide 
in the same way as chlorine —W.P.A. 


The City of Sheffield’s Redmires 
Filter Station. Anon. Wtr. & Wtr. 
Eng. (Br.) 54:141 (Oct. ’50). Bat- 
tery of mechanically agitated pressure 
filters installed in ’10 to deal with de- 
mand of 1.2 mgd. (Imp.). Sanction 
obtained in '47 to proceed with com- 
pletely new filter station with yield of 
3.6 mgd. (Imp.). It was decided to 
separate filter shells from control and 
machinery room to isolate cold sur- 
face areas with attendant condensation 


(Continued on page 60) 
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can help you see better? 


What EARS can’t hear 
but sure taste good? 


What can’t be made into 
silk purses? 


+ What is the best and 


most versatile chemical 


It may be a far cry from sow’s 
ears to a %Proportioneers%, Heavy 
Duty Duplex Chem-O-Feeder, but 
you don’t have to travel far to find 
one in action — performing its job 
easily, efficiently, accurately. There 
are over 35,000 %Proportioneers% 
installations . . . each one a good 
reason why it pays to use 
%Proportioneers%, water treating 
and purifying equipment. Mail 
coupon or write today for data 
and recommendations. 


% PROPORTION RS% 
CHEM-O-FEEDER 


%Proportioneers, Inc. % 
a 365 Harris Ave. 
4 Providence 1, R. I. 


Please send Bulletin SAN-7 


Answer S$: 1. Rabbit Ears 2. Corn Ears “3. Sow’s Ears” 
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from part of bldg. in continuous use. 
Step construction economized in exca- 
vation and foundation work and gives 
height, light and impression of spa- 
ciousness to “business end” of bldg. 
Seven 8& diam. by 27’6” horizontal 
pressure filters are installed, each rated 
at 21,400 gph. (Imp.). Duplicate 
concrete alum tanks, asphalt lined, and 
duplicate mild steel lime vessels are 
provided. Chemical dosing is auto- 
matically controlled. Central control 
panel, fluorescent illuminated, houses 
pH recorder, main rate of flow re- 
corder and integrator, wash water rate 
of flow recorder and integrator, wash 
water storage tank depth indicator and 
pressure gages.—H. E. Babbitt. 


Measurement and Analysis of Sus- 
pended Sediment Loads in Streams. 
M. E. Newtson & P. C. BENEDICT. 
Proc. A. S. C. E., 76:31 (’50). Since 
1939 an interdepartmental committee 
of U.S. Gov. has been making inten- 
sive studies on methods and instru- 
ments for detg. suspended sediment in 
streams. The requirements of an ideal 
sampler are summarized. A study of 
samplers which have been used in the 
past showed that all samplers in cur- 
rent use violated one or more of the 
basic principles of accurate sampling 
of sediment. These samplers included 
those designed to take instantaneous 
samples and those for sampling over 
an extended period either at one point 
(point-integrating type) or while the 
sampler is lowered and raised through 
the water at a uniform rate (depth- 
integrating type). Samplers were de- 
signed by the committee to correct un- 
desirable features noted in the earlier 
models. The depth-integrating sam- 
pler, known as US D-43, has a stream- 
lined body with horizontal and vertical 
tail nanes; the water enters the sam- 
pler through interchangeable nozzles 
varying from 4 to }” in diam. The 


(Continued on page 62) 


point-integrating sampler, US P-46, 
is similar in shape to US D-43, but 
has an air chamber with a vol. of 5 x 
that of the sample container to which 
it is connected with tubing and pas- 
sage through a spring valve. This 
equalizes the pressure of air inside 
and water outside the container and 
prevents a sudden inrush of water 
when the nozzle is opened. This sam- 
pler, while originally designed for 
point integration, can also be used for 
depth integration. To analyse the size 
of the particles in suspension, the 
bottom-withdrawal tube was devel- 
oped. This is a graduated glass tube, 
with an outlet at the bottom, in which 
the sample is uniformly dispersed and 
then allowed to settle. Fractions of 
the sample are withdrawn from the 
bottom at intervals corresponding to 
the time required for particles of given 
sizes to settle throughout the length 
of the column. Each fraction is dried, 
the weight of the accumulated sedi- 
ment is detd. and the weight of sedi- 
ment of the same concn. that would 
remain in the suspension is caled., a 
slight correction being required as the 
height of the column decreases. From 
these data a curve can be drawn and 
a tangent from this to the ordinate 
scale will show the amount of material 
in the sample which is smaller in size 
than the size represented by the corre- 
sponding time abscissa at the point of 
tangency. It is necessary to take vari- 
ations of temperature into account, as 
these affect the rate of settling — 
W.P.A. 


Recent Developments in Water- 
Supply Forecasting From Precipita- 
tion. M. A. Konter & R. K. Lins- 
LEY. Trans. Am. Geophys. Un., 30: 
427 (49). The techniques evolved by 
the U.S. Weather Bureau for fore- 
casting water supplies from pptn. de- 
scribed. This method can also be used 
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Superior strength... economy of design 


In AMERICAN CONCRETE CYLINDER PIPE these four advanced design 


features give you greater strength with greatest economy of steel components. 


Manutectored in diemetors 14° Steel cylinder provides a 
positive water seal or mem- 
S brane as well as part of the 
required total steel area*. (Thick- 
ness of the cylinder varies ac- 
cording to pipe diameters and 
general design requirements). 
Each cylinder is hydrostatically 
tested to a unit stress of at least 
22,000 psi. 


Centrifugally spun concrete 

lining is of proper mixture 

and dense compaction. Its thick- 

ness adds rigidity and strength 

through “arching” effect (nom- 

inal minimum lining thickness is 

%” for 14” and 16” diameters 

, and %” for larger diameters). 

plement the required steel area*, \ 

are wrapped under measured tension Dense concrete jacket or 

and accurate spacing around the con- coating (nominal minimum 

crete lined cylinder. The section modu- 1” thickness over the cylinder) is 

lus is thus increased while the concrete “locked” around the rod wrap- 

lining is placed under slight initial ping over the entire surface of 

compression. The result is, in effect, a the cylinder. This is an impor- 
modified prestressed design. tant structural feature. 


*Total cross sectional steel area is based on 13,500 psi max. allowable unit stress at the de- 
sign operating pressure. 


Superior design affords the most economical and effective use of steel and 
concrete to produce the best quality of pressure pipe at less cost to the purchaser. 
Economical first cost plus ease of installation, sustained capacity and trouble 
free service all help to reduce the cost of delivered water. 


Complete information upon request. © 1950—A. P. & C. Co. 


Concrete Pipe for Main Water 
Supply Lines, Storm and Sanitary 
Sewers, Subaqueous Pipe Lines 
P. 0. Box 3428, Terminal Annex, 
Los Angeles 54, California 
Main Offices and Plant—4635 Fire- 
stone Bivd., South Gate, Calif. 
District Sales Offices and Plants — Oakland @ San Diego @ Portland, Ore. 
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for interpolating or extrapolating 
stream-flow records and for evaluating 
water resources. As a long period of 
time is involved, time trends in the 
data must be taken into account. The 
authors discuss the downward trend 
of run-off in the Colorado River basin 
in comparison with the pptn. observed. 


W.P.A. 


A Shallow Impounding Reservoir as 
a Source of Water Supply. Emi 
Winter. Gaz, Woda i Tech. Sanit. 
(Poland), 24:182 (May ’50). Choice 
of site should be based upon sanitary 
and hygienic as well as hydrologic and 
hydrogeologic considerations. Forest 
areas more suitable than populated 
or highly industrialized areas. Effect 
that marine and littoral plant life may 
have on oxygen considered. Sugges- 
tion made that opinion of biologist 


necessary to det. which plant life 
should be removed, which remain. If 
found in reservoir, polysarobic forms 
should be viewed with alarm since in- 
dicative of poln. To destroy algal 
forms in reservoir, use made of 
CuSO,-18H:O. Presence of fish and 
waterfowl not favored by author but 
decision for their presence should be 
left to biologist. Reservoir should be 
of sufficient size to provide supply for 
2 dry yr. in succession. Depth gov- 
erns capac. as well as temp. of water; 
shallow reservoirs allow more reaera- 
tion. Lower strata of reservoir gener- 
ally not as clean as upper layers. Sug- 
gestion made to take water from 2 
levels depending upon day and time of 
year. Need for control area around 
reservoir to decrease possibility of 


- poln. indicated. Continuous control by 


(Continued on page 64) 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25K 


On Request 


JOSEPH G. POLLARD CO., INC. 
Pipe Line Equipment 


New Hyde Park New York 
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1. Steel plate tube with cast 
iron throat section for measure- 
ment of clear water, air or gases. 


2. Cast iron Venturi Tube with hand 
holes and cleaning valves at main 
and throat sections, for municipal 
sewage and trade wastes. 


3. Cast iron Venturi Tube with flat 
invert and single cleaning vaive 
at main and throat sections. Spe- 
cifically used for sludge. 


4. Cast steel or cast iron Ven- 
turi for hot or cold water and 
adaptable for boiler feed high 
pressure service. 


IMPLEX makes Venturi Tubes for measuring 

cold water, raw sewage, trade waste, sludge, 
process liquor, boiler feed, air and gases. 

These tubes come in many sizes and different designs, some of which are 
pictured above. This means there’s a particular tube to fit specific needs. 

Write, stating your Venturi Tube requirements, to Simplex Valve & Meter 
Company, Dept. 7, 6784 Upland Street, Philadelphia 42, Pennsylvania. 


VALVE METER COMPANY 


si VENTURI TUBE 7 

| 
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(Continued from page 62) 


chem., phys. and biol. anals. should be 
required.—C. P. Straub. 


Forecasting Water Works Needs in 
Poland. WLo0pz1IEMIERZ SKORASZEW- 
ski. Gaz, Woda i Tech. Sanit. (Po- 
land), 24:401 (Nov. ’50). Cities and 
rural areas in recovered western terri- 
tories quite adequately served by water 
works. Greatest needs in central por- 
tion of country and in rural areas. 
Present pop. of Poland about 24 mil- 
lion, with about 4 urban and § rural. 
In yr. 2000, with total pop. of about 
40.7 million foresee reversal wiih 
about 60% urban and 40% rural with 
change to industrial-agricultural econ- 
omy instead of agricultural-industrial 
as now. Variable rate of annual 
growth used during period starting 
with 1.25% in 1950 and reducing by 
increments to 1.0% in 1975 and at 


1.0% thereafter. Rural pop. will re- 
main substantially constant through- 
out entire period ranging from 14.7 to 
16.3 million. During the next 50 yrs. 
50% of the rural pop. will be served 
by water works to supply 100 1./capita/ 
day. In cities 150 1./capita/day will 
be available. Present rate of water 
production about 400 million metric 
tons/yr. or about 5 times max. pro- 
duction of single industry—coal min- 


ing. In yr. 2000 will have to produce 
about 1.9 bil. metric tons/yr. Total 
cost including sewers, amortization 
and maintenance, estd. at 3.86 bil. 


dollars (based on 1938 evaluation) .— 
C. P. Straub. 


The Alpine Karst: A Natural Wa- 
ter Reservoir. Gustave ABEL. Gas, 
Wasser, Warme, IV:259 (Nov. ’50). 


Karst formation in the alpine lime- 


(Continued on page 66) 


Now Available: 
WATER QUALITY 


TREATMENT 


Second Edition—Revised and Enlarged 


A.W.W.A.’s manual of Water Quality and Treatment brought up to date, with 
chapters on: source characteristics; aquatic organisms, quality standards, stream 
pollution and self-purification, impounding reservoir control, aeration, coagula- 
tion, mixing and sedimentation basins, disinfection, taste and odor control, filtra- 
tion, scale and corrosion control, softening, iron and manganese removal, boiler 
water treatment, fluoridation, and treatment plant control. With four appen- 
dixes and an index, that makes 451 pages. 


Price: For general sales, $5.00. For A.W.W.A. members sending cash with order, $4.25 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue New York 17, N.Y. 
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corrosion Is 


IMPOSSIBLE | 


The thin coating of cement, mechan- 
ically applied and troweled by the 
Centriline process, raises the pH of 
any moisture entrapped within the 
lining to a non-corrosive level—thus 
prohibiting corrosion or tuberculation. 
Centrilining also seals holes caused by 
external corrosion, increases the pipe’s 
carrying capacity thereby reducing 
pumping and maintenance costs. 


Over 1,000 feet of pipe a day can be 
Centrilined while the pipe remains in 
the ground! This process— utilizing 
centrifugal force in applying cement— 
will give new life to your old pipelines 
at a fraction of the cost of installing 
new pipes. 
Write today for descriptive 


literature on lining pipes from 
4” to 144” in diameter 


JOURNAL A.W.W.A. 


CENTRILINE 
CORPORATION 


A subsidiary of 
Raymond Concrete Pile Co. 


140 CEDAR STREET, NEW YORK 6, N.Y. 


Branch Offices in Principal Cities of 
United States and Latin America 


CEMENT MORTAR LININGS 
FOR PIPE IN PLACE 


ON THE WEST COAST, WRITE AMERICAN PIPE & 
CONSTRUCTION CO., P. 0. BOX 3428, TERMINAL 
ANNEX, LOS ANGELES, CALIFORNIA 
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stone regions has taken place through- 
out the geological ages. Water supply 
from these eroded and corroded lime- 
stone regions depends on rainfall, 
snow deposits and ice formation in the 
caverns. Normal rainfall on the pla- 
teau appears within 6-8 hr. at its foot. 
Heavy rains cause increased flow from 
springs within 4 hr. Natural storage 
of rain water is possible only to a 
small extent within the capillary fis- 
sures of the limestone. Snow deposits 
on the plateau, which melt very slowly 
during the winter, are responsible for 
torrents of water from the springs 
during the thaw. Some snow, remain- 
ing in cracks and crevices, becomes a 
water source until July. Prevailing 
winter temperatures within the cav- 
erns during the spring thaw effect the 
formation of large ice deposits which 
become a water source in the summer 
and last through October. In Novem- 
ber rains take up their responsibility 
for water supply. Prevention of 
dumping garbage and refuse into the 
cracks and crevices of the plateau is 
necessary to elim. poln. Flows from 
the karst springs are usually ample but 
erratic and frequently contain consid- 
erable turbidity. Waste of water oc- 
curs during heavy rains and thaw. 
The use of the space within the moun- 
tain as a reservoir to control the flow 
by means of dams is suggested.—P. K. 
Mueller. 


(Continued from page 64) 
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OTHER ARTICLES NOTED 


Recent articles of interest, appearing in 
American periodicals, are listed below. 


Experience Shows Laying Mains in 
Alleys to Be Unwise. A. H. Lansap. 
W. W. Eng. 103 :206 (’50). 


The Filter’s Operating Story. Eng. 
News-Rec. 144:15:34 (’50). 


Twice As Much Water For Cincinnati. 
R. E. Dunme. Eng. News-Rec. 143: 
12:30 (49). 


Progress Report On Chlorine Dioxide. 
R. N. Aston. J.N.E.W.W.A., 64:1 
(50). 


Critical Review of Literature on the 
Toxicity of Industrial Wastes and 
Their Components to Fish. 1. Alka- 
lies, Acids and Inorganic Gases. 
Peter DoupororFF & Max Karz. 
Sew. & Ind. Wastes, 22:1432 (’50). 


Literature Review on the Occurrence 
and Survival of Enteric, Pathogenic 
and Related Organisms in Soil, Wa- 
ter, Sewage and Sludges, and on Vege- 
tation. 2. Animal Parasites. WuILLEM 
Rupo.trs, Ltoyp L. & ROBERT 
A. Racotzkiz. Sew. & Ind. Wastes, 


22:1417 (’50). 


HELLIGE — oricinateD All Glass 


SEDGWICK-RAFTER COUNTING CELL FOR PLANKTON 


glass frame and slide permanently fused to- 
gether, everlasting service and accuracy are 


HELLIGE, we, 3718 NORTHERN BOULEVARD, LONG ISLAND CITY 1, N. Y. 


With this durable Counting Cell, consisting of 
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\ assured. 
4130 Without Cover Giasses......... . .$10.00 
4130-B With 3 Cover Glasses............ 10.90 
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one-coat protection 


for water tanks with NO-OX-ID “A Special” 


If your responsibility includes main- 
taining the water tank of your com- 
pany or your community, remember 
NO-OX-ID “A Special.’’ 

NO-OX-ID “A Special’”’ is the 
Dearborn rust preventive so widely 
used in protecting the interiors of 
water storage tanks and reservoirs. 


And the application is simple... - 


economical, too. Merely apply the 
NO-OX-ID to the metal surface, and 
metal loss is stopped . . . immediately 


Please Note Our New Address 


DEARBORN CHEMICAL COMPANY 
Chicago 54, 


Merchandise Mart Plaza . 


rus onioinat rust preventive UAL 


... with a single coat. From then on, 
protection is complete. 


There is a NO-OX-ID to stop rust 
wherever :t threatens . . . before or 
after it starts. A Dearborn representa- 
tive will gladly help you select the 
correct NO-OX-IDs for your needs. 


WRITE FOR “NO-OX-ID VERSUS WATER” 
An interesting, illustrated booklet which 
tells the story of NO-OX-ID rust preventive 
protection in the water works field. 


DEARBORN CHEMICAL CO. 
Merchandise Mart Plaza 


Dept. JA, 

Chicago 54, Ill. 

Gentlemen: 

O Please send me a copy of 
Dearborn “NO-OX-ID versus 
WATER.” 


© Have a Dearborn representa- 
tive call. 
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(Continued from page 16) 


Rainmakers of America, Awake! While you've been piddling 
around with decadent democratic dry ice and imperialistic iodide, solid 
Soviet scientists have developed “improved types of electronic machines for 
artificial rain,” which can be used—even if you don’t want rain—to “mecha- 
nize the application of fertilizers and chemical substances for fighting 
weeds and vermin.”. As a matter of fact, out of one of those fair weather 
machines must have come Tass news agency’s announcement of last week 
that did another Russian rollback to invent television by the banks of the 
Volga in 1906. No wonder the Czar got out! 


Dante E. Broggi, formerly vice-president and general manager of 
Neptune Meter Co., is succeeding John H. Ballantine as president of the 
company. After 17 years as president, Ballantine is becoming chairman 
of the board of directors. 


An improved Fluoridizer for feeding 
fluoride chemicals has been developed by 
Omega Machine Co., 345 Harris Ave., Provi- 
dence 1, R.I. The feeder, known as Model 
47-A (at left), is scale-mounted and offers 
large hopper capacity, dustless filling, and low 
filling height. Frequent filling is minimized by 
size of the hopper, which can hold two 100-Ib. 
bags or one 125-lb. drum carton. Dust is mini- 
mized by opening the bags at the bottom of the 
hopper, thus avoiding the fall of the chemical 
through the air. 


J. Don Carpenter, vice-president of Gannett, Fleming, Corddry and 
Carpenter, Harrisburg consultants, has been elected president of the Penn- 
sylvania Society of Professional Engineers. 


(Continued on page 70) 


Manual of British Water Supply Practice 
Compiled by the Institution of Water Engineers, London 
The essence of the water supply art, as practiced in Great 
Britain, is well documented in this 900-page compilation. 
Generously supplied with illustrations and reference lists. 


Price $7.50 
Distributed in U.S. by 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 
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AN EMBLEM OF MERIT 


When the name HERSEY is stamped on the lid of a water meter, 
experienced water works officials know that under it they will 
find efficient performance, accurate registration and low main- 
tenance cost. Over 65 years of experience has won the reputation for : 
HERSEY 
HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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David E. Moulton, clerk and attorney of the Portland Water Dist., 
died suddenly at his home in Portland, Me., on April 21. He was 79 years 
old. 

He had been president of the Maine Water Utilities Assn. from its 
inception in 1925 until 1950, when, at its 25th anniversary celebration, he 
was elected president emeritus. 


John M. Hopwood, chairman of the board of Hagan Corp. and its 
subsidiaries, including Calgon, Inc., died on June 8 at Vero Beach, Fila. 
He was 67 years old. 


Robert M. Morgan, director of water for Fairmont, W.Va., died on 
April 17 after an illness of some duration. He had previously served as 
street commissioner for the city and sealer of weights and measures for 
the county. 


The Ford Meter Box Co., after 35 years in its former location, has 
moved to new and larger quarters on U.S. Route 24, still in Wabash, Ind. 


(Continued on page 72) 


ANTHRAFILT 


(Reg. U. 8. Pat. Off.) 
Asa Modern Filter Medium Has 


On their reputation for 
performance, Kup- 


Advantages Over Sand & 


Outstanding 
Quartz Media 
1. Length of filter runs doubled 


2. Only about one half as much wash water required 

3. Less coating, caking or balling with mud. lime, iron 
or manganese 

4. Filters out of service less because of shorter wash 

&. Better removal of bacteria, micro-organie matter, 
taste and odor 

6. Increased filter output with better quality effluent 

7. Not just the top portion, but the entire bed aids in 

8. Can be used in all of filters usi filter 

types using 


9. A perfect supporting media for synthetic resins 
10. Ap ideal Sitar fer & 
utions 


11. Decidedly advantageous for removal of fibrous 
material as found in swimming pool filters 


information, recommendations 
quotations furnished upon request by 
Palmer Filter Equipment Company 


822 East 8th Strect. P.O. Box 1655 
Erie. Pennsylvania 


representing 
Anthracite Equipment Corporation 


Anthracite Institute Bulldt 
Wilkes- 


ferle Fire Hydrants 
deserve consider- 
ation for any 
installation. 


Full lines for 
public and pri- 
vate installa- 
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Specification 
sheets. 
Mii Joun C. KUPFERLE 
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Extending a water main system ? 
” 
Contwry.’: 

ASBESTOS-CEMENT PRESSURE PIPE 


keeps installation costs low... 
gives permanent, trouble-free service ! 


In extending water mains, or when 
installing a new system, installation 
costs are often a major part of the 
original investment. But you can 
make important savings on installa- 
tion costs—keep your original invest- 
ment to a minimum—with “‘Century” 
Asbestos-Cement Pressure Pipe. 


“Century” Pressure Pipe is moderate 
in price—you save right from the 
start! It’s strong and durable... but 
light in weight and easy to handle. . . 
can be laid quickly —you make further 
savings on installation. Connection 
to existing mains, fittings, hydrants, 
and valves presents no problem. 


Non-metallic ‘““Century” Pipe cannot 
rust or corrode and since tubercula- 
tion is impossible, inside diameter, 
flow capacity and pumping costs are 
unaffected. Thus savings continue 
over the years! 


Before you buy or specify any 
pipe for water mains, it will 
pay you to investigate the 
cost-saving advantages of 
“Century” Asbestos-Cement 
Pressure Pipe. Write us for 
complete information. 


ment. 


Keasbey & Mattison has made Pressure Pipe facilitate rapid laying of straight runs or curves 
it serve mankind since 1873 up to 5° deflection per pipe length. 


KEASBEY & MATTISON 


COMPANY - AMBLER - PENNSYLVANIA 


Nature made bsbestos. we mating Pipe being laid as extension to serve new develop- 
ntury” Simplex Couplings supplied with “Century” 
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(Continued from page 70) 


Weaned now, at long, long last, is the U.S. Senate, which for all 
these years has been bound to the bottle for its water. It took the water 
consciousness and conscientiousness of Aridzona’s Senator Hayden, chair- 
man of the Senate rules committee, to get the senior lawmakers at last on 
tap. To us, of course, it’s not the estimated savings of $37,000 per year— 
a mere quarter mill per populee— as much as the consequent recognition 
of public water supply that makes us sit up and take notice. 

What brought spring water into the senators’ offices in the first place 
couldn’t be at all remembered or determined when the habit was thus 
forsworn. What kept it there was quite obviously the $385 per senator 
per year that constituted the cost. And even that would be considered 
cheap if they’d only drink the stuff. 

Ah well! Weaned now, our senators will soon be adult about every- 
thing. We should live so long! 


A Norlantic Torrent water meter produced by George Kent, Ltd., 
of London, has been specially modified to meet Canadian needs. The meter 
features low head loss and a magnetic coupling for transmitting rotor 
motion to the register, thus eliminating the necessity for packed glands. 


(Continued on page 74) 


® 


LIMITOR QUE 


DEPENDABLE 
operation of 
valves 


Limitorque operates by 
the “push of a button” 
from either remote or 
nearby control panel... 


occur . . . actuated by any 
available power source . . . 
fits all types of valves. 
LimiTorque may be ob- 
tained through valve man- 
PHILADELPHIA GEAR WORKS, Inc. ufacturers. 

ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. Write for catalog on your 
New York @ Pittsburgh e Chicago e Houston » Lynchburg, Va. Business Letterhead, 
In Canada: William and J. G. Greey Limited, Toronto please. 


A LimiTorque installation at a mid-west pumping station. 


} 
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No two flow control are ex- 
actly the same... but every water 
works engineer can find the right con- 
troller for his needs at BUILDERS. We 
offer two basic types: (1) Direct-Acting 
Controllers (Model RCE) and (2) Hydraulically-Actuated Controllers 
(Models RCA and RCB). 


For many applications, the self-contained Model RCE Direct-Acting Con- 
troller is ideal. With its bronze lined throat, annular pressure-averaging 
chamber, and “clear-through” waterway, Model RCE gives accurate con- 
trol without the tendency to hunt. 


For larger plants, involving large pipes and heavy equipment, Builders 
Hydraulically-Actuated Controllers are usually preferred. These are qual- 
ity-built units, designed for accuracy, ease of mairitenance, and long life. 


Builders engineers will recommend the Controller which exactly meets. 
your needs. For engineering information and descriptive Bulletins, address 
Builders-Providence, Inc. (Division of Builders Iron Foundry), 365 Harris : 
Ave., Providence 1, R. I. 


The Venturi Meter « Propeloflo and Orifice Meters * Kennison Nozzles * Venturi Filter 

Controllers and Gauges * Conveyoflo Meters * Type M and Flo-Watch Instruments © 

Wheeler Filter Bottoms « Master Controllers * Chlorinizers — Chlorine Gas Feeders © 
Filter Operating Tables * Pneumatic Meters * Chronoflo Telemeters 


BUILDERS-PROVIDENCE 


ALTA 
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Rain on.the roof is as nothing compared with the lot of a lot of 
Italian families these days. “Public water supply as the roof” has been 
their situation since postwar joblessness reduced them to making their 
homes in the archways of Rome’s ancient aqueducts. For miles along 
famed old Appian Way, for instance, aqueduct arches provide no-rent hous- 
ing with none of the modern conveniences. And if some of the more elabo- 
rate archways are flanked by flower and vegetable gardens to bright the 
bleak, dank stone, none are at all plumbed and none can even tap its top 
for running water. As a matter of fact some of the archers recently asked 
authorities for permission to drill water supply holes at least every third or 
fourth arch, but permission was immediately not granted, all officialdom 
eschewing the idea of such a holey Roman empire and shuddering at the 
thought of consequent fallen arches. 

So the subaqueductous continue to beg water from neighboring farmers 
and work when they can at a laboring wage of $1.50 a day, crediting the 
water over their heads for helping keep their heads above water. 


Eugene A. Hardin, formerly of the Dept. of Public Works, Phila- 
delphia, has joined the staff of Parsons, Brinckerhoff, Hall & Macdonald, 
New York consultants. He will be a member of the water supply and 
sewerage team headed by G. Gale Dixon. His previous consulting experi- 
ence was with Black & Veatch of Kansas City and Consoer, Townsend & 
Quinlan of Chicago. 


A new compound meter manifold unit has been introduced by Rock- 
well Mfg. Co. to permit meter maintenance without shutting off service or 
working after closing time. The assembly consists of two single-register 
compound meters in combination with four cone valves and two 8-in. reduc- 
ing manifolds. The arrangement permits taking one side out of service at 
a time, for meter removal, replacement or—through use of a special test 
plug in the meter body—testing in place. 


(Continued on page 76) 


Machine blended for 
perfect jointing performance 


NORTHROP & COMPANY, INC. 


SPRING VALLEY NEW YORK 
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(coming Soon 
-«. the West Coast’s first plant 


for the production of Coal-Tar Enamels 


@ At Fontana, California, Koppers is 
building a new, modern plant for the 
production of Bitumastic® Enamels, the 
Coal-Tar Base Coatings which have 
been famous for nearly a century for 
protecting underground and underwater 
metal surfaces from corrosion. This 
plant, which will also produce Koppers 
Roofing Pitch, will be the first such plant 
to be located west of the Rocky Moun- 
tains. From it, Koppers will be able to 
provide improved service to West Coast 
users of Bitumastic Enamels. 

Bitumastic Enamels are the tough 
coatings that are used to protect buried 
oil and gas pipe lines against severe cor- 
rosive elements. Large-diameter steel 


REG. U.S. PAT. OFF 


water pipe lines also are protected, both 
inside and out, by Bitumastic Enamel. On 
the inside of the pipe, this enamel is ap- 
plied in a smooth lining that keeps flow 
capacity high and reduces pumping costs. 

Processed from a base of Coal-Tar 
Pitch, Bitumastic Enamels are impervi- 
ous to moisture and are chemically re- 
sistant to soil elements. They make a 
tight bond with pipe and other metal 
surfaces, do not disintegrate with age, 
and maintain continuously high elec- 
trical resistance. 

For information regarding delivery of 
Bitumastic Enamels, on the West Coast, 
or elsewhere in the United States, we in- 
vite you to get in touch with us. 


( ENAMELS 
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A sort of: scientific umpire is our friend “Dr. Mack” MacKenzie, 
technical director of the American Cast Iron Pipe Co. At any rate, that’s 
what he seemed to add up to in the brief- biography printed in Chemical & 
Engineering News on the occasion of his winning the 1951 Herty Medal of 
the Georgia State College for Women’s Chemistry Club. What causes our 
characterization is Dr. Mack’s reportedly outstanding sense of pitch and 
his high proficiency in science. Thus, in describing its cover boy, C@EN of 
May 21 pointed out that that combination of virtues enabled him to discover 
the direct relationship between the natural frequency of a cast-iron test bar, 
when the metal is struck by a mallet, and the bar’s modulus of elasticity. 
A lot of good that would do him at the Dodgers’ Ebbets Field. 


Hector P. Boncher, general manager of Dresser Mfg. Div., Bradford, 
»a., has been elected vice-president of the parent organization, Dresser In- 
dustries, Inc. 


Walter N. White and William F. Guyton have opened a consulting 
office as ground water hydrologists. Their office is located at 10 Missis- 
sippi Ave., Silver Spring, Md. 


(Continued on page 78) 


Woofproof Your 
Metermen 


Here’s a bible of bark and bite that will 
enable you to improve both your person- 
nel relations and your public relations. 
See that every meter reader gets a copy. 
Make him read it! Make him heed it! 


Under the cover reproduced herewith, 

A.W.W.A. has, in response to the de- 

mand of several meter departments, re- 

printed Bruce McAlister’s ‘‘Bow-wow, 

Mister Meterman’’ as it appeared in 
the July 1949 issue of Public Relations at Work. As a six-page 
booklet, this practical advice to the doglorn is now available at a 
nickel per copy—much less than the cost of a single patch in the 
seat of your pants. 


Order your copies now from Department K-9 of: 
AMERICAN WATER WORKS ASSOCIATION 


521 Fifth Avenue New York 17, N.Y. 
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Clow Cast iron Pipe Fittings 
All types of Clow Cast lron Pipe 
Fittings are offered in straight 
ond reducing sizes for use with 
Bell and Spigot Joint, Mechan- 
ical Joint, and Flanged Joint 
cast iron pipe. 


Bell & Bell One-Eighth Bend 


Mechanical Joint 90° Stendord 
90" Elbow Flanged Elbow 


Special Fittings 
Clow Foundries ore well 
equipped to produce your 
special fittings promptly and 
accurately, to meet particulor 
requirements, and to solve un- 
usual installation problems. 
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Cast lron Pipe & Fittings 


Long life is the real test of pipe line econ- 
omy. Clow CastIron Pipe and Fittings give 
you that long life service...for a century 
and more...and offer the surest way to see. 4 
your municipal water supply system at pea 
efficiency—now and in the years ahead! 
City officials throughout the nation have 
long ago proved that it actually costs less to 
use Clow Cast Iron Pipe and Fittings. The 
have found that after installation, practi- 
cally no maintenance, repair or replace- 
ment is necessary. So prove to yourse/f that 
Clow Cast Iron Pipe and Fittings will bea 
wise investment of public funds! 


Write for Price and Delivery 


Clow Cast Iron Pipe is centrifu- 

ally cast—in sizes from 3 to 24”, 
in 18’ lengths, and for working 
water pressures to meet your re- 
Meets Federal Spec- 
ifications WW-P-421 for Bell 
and Spigot Cast Iron Pipe for 
Water. Clow pipe can be easily 
cut in the field if needed, and 
drilling and tapping it for serv- 
ices results in superior threads 
and perfect connections. 


JAMES B. CLOW & SONS 


201-299 North Tolman Avenve * 


type of cast iron pipe joint 
with stondard woter bell... 
for poured and colked lead 
make up. 


Clow Mechanical Joint 
A time-saving, easily installed 
mechanical cast iron pipe that 
reaches the job with all joint 


materials complete, 


Chicoge 80. 


conform to requirements of 
A.S.A. Class 125 for 
fittings ond valves. 


ond their Netiona! Cast tron Pipe 
Division Burminghem Ale 


Eddy Voive Co Woterford New York 
lowe Volve Co Oskeloore. lowe 
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(Continued from page 76) 


A floodlight in no uncertain terms was one of Pittsburgh’s street 
lights the other day when a water main burst directly below the hollow 
metal pole on which the light was mounted. Out of every hole and joint 
in the pole, beginning some 10 ft. above the street, issued a fountain or 
flood that doused pedestrians and made autoists roll up their windows 
in driving by. Water always makes a splash! 


Lewis I. Birdsall, technical service representative for General Chemi- 
cal Div., Allied Chemical & Dye Corp., has retired after 29 years of service 
with that organization, during which he travelled extensively, specializing 
in dealing with the coagulation problems of filter plant operators. Prior 
to his association with General Chemical, he had been chief chemist of the 
State Water Survey in Illinois and superintendent of filtration at the Co- 
lumbia Heights Plant for Minneapolis, Minn. 


A dry chemical feeder, known as the Chemizer, has been intro- 
duced by Omega Machine Co., 365 Harris Ave., Providence, R.I. It has 
been designed to feed and weigh from 5 to 5,000 Ib. of filter alum per hour, 
and do this accurately and continuously. A five-figure register records 
pounds fed, and alarms for over- or under-feediag are standard equipment. 


What Price Water? was our question last May (P&R, p. 12) when 
we reported that a Baltimore cannery had started putting up 104-oz. sup- 
plies of drinking water for the civilian market. Nineteen cents—oops, fif- 
teen cents now—is the answer at Macy’s New York, where the product is 
being sold to campers, boaters and sundry other pessimists—Lifesaver 
brand, too! What can’t you do with a can opener these days? 


Ralph L. Carr has been appointed manager of the technical service 
department, Mathieson Chemical Corp. 


(Continued on page 80) 


SPARLING MAIN-LINE METERS 


FOR the latest developments in 

metering main-lines, replace 
your old Sparling catalog with the 
new Bulletin 311. 


It’s yours for 
the asking. 


LOS ANGELES—CHICAGO— NEW YORK— CINCINNATI— BOSTON — SEATTLE — ATLANTA — DALLAS 
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PEKRUL MODEL 56 GATES with 
Philadelphia Limitorque Model 
M30 Motorized Lifts in operation 
ot Denver Sewage Disposal Plant. 


PEKRUL GATES are engineered to 
meet the most rigid requirements 
for: 


Flood Control 
Levees 
Irrigation 
Water Works 
Dams 
Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 
», Cooling Towers 


DENVER, COLORADO © 
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(Continued from page 78) 


The ocean notion is still on tap. “Still,” we say, because that’s the 
instrument Interior Secretary Chapman proposes to employ in converting 
sea water to drinking water in two proposed experimental plants on the 
Pacific Coast and one in the metropolitan New York area. All that’s 
necessary now is Congressional approval. All, we say, because we've 
already convinced our own Representative that we can do the job ourselves, 
easily, with a deep-freeze unit and a blow torch—icing the salt away and 
then melting the desalted ice. You want to buy some stock? Watered! 


Kenneth S. Watson, formerly assistant director of the Ohio River 
Valley Water Sanitation Commission, has been appointed coordinator of 
industrial waste treatment for General Electric Co. Before joining the 
Ohio River organization he had been executive secretary and engineer for 
the West Virginia Water Commission. 


A two-year modernization and expansion program has just been 
completed by Diamond Alkali Co. at its electrolytic chlorine and caustic 
soda plant at Army Chemical Center, Md. Production of chlorine at the 
plant, which has been leased by Diamond from the government, is being in- 
creased by 30 per cent. 


On Call... 
fo tell your story for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
...to your personnel. You'll find him 
a master of the art of putting across 
your ideas...of soliciting co-operation 
...0f establishing good will. Call him 
up...put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports...you’ll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, in 32 different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue . New York 17, New York 
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Way back in 1907 and again in 1926 National successfully cleaned the 
water mains of Washington, D. C. 

In 1945 a five year program to clean and recondition the entire water 
main system of Washington was begun and National in conjunction with 
the Centriline Corporation was again awarded the cleaning contract for 
1945, 1946, 1947, 1948 and 1949 — in short, the entire cleaning job! 

Tests made on those lines already cleaned and centrilined indicate a 
co-efficient of over 130 as against less than 90 before cleaning, resulting 
in lower pumping costs, increased volume and higher pressure. 

Let us estimate the cost of restoring your lines to at least 95% of their 
original carrying capacity. Write today. 


NATIONAL WATER MAIN CLEANING COMPANY " 


50 Church Street, New York 7, N.Y. 


ATLANTA, GA., 333 Candler Bldg. * BOSTON, 115 Peterboro Street * CHICAGO, 
Room 1336, S. Michigan Avenue * DALLAS, TEXAS, 6617 Snyder Plaza * DECATUR, 
GA., P. O. Box 385 * ERIE, PA., 439 E. 6th Street * KANSAS CITY, MO., 406 Mer- 
chandise Mart, 2201 Grand Avenue * LOS ANGELES, 448 South Hill Street * LITTLE 
FALLS, N. J., P. O. Box 91 * MINNEAPOLIS 1, MINN., 200 Lumber Ex e Bl 

¢ OMAHA, 3812 Castellar Street * RICHMOND, 210 E. Franklin Street * SPRIN 
FIELD, MO., 1301 Prospect Avenue * SALT LAKE CITY, 149-151 W. Second So. 
Street « SAN FRANCISCO, 681 Market Street * SIGNAL MOUNTAIN, TENN., 
204 Slayton Street * FLANDREAJU, S. D., 315 No. Crescent Street » MONTREAL, 
2028 Union Avenue * VANCOUVER, B. C., 505 West Ist Avenue * WACO, P. O. Box 
887 * WINNIPEG, 576 Wall Street + HAVANA * SAN JUAN « PUERTO RICO + 
BOGOTA ° CARACAS * MEXICO CITY. 
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The Reading Meier 


Water—or Your Life. Arthur H. Carhart. J. B. Lippincott 
Co., Philadelphia (1951) $3.50 


One more in the series of books sounding a call to arms to the 
public to preserve and safeguard our water resources before it is too 
late, this volume adds an aggressive bugle note to the chorus. Al- 
though the contrived, popularized style is fairly wearing, there is 
much interesting background material which shows more thorough 
' research than has been performed by other authors who also cited 
historical calamities to cultures resulting from misuse or lack of 
water. As a conservationist, the author has an extreme bias toward 
the forestry and wild-life aspects of water management which appears 
to embitter him toward other uses and demands for water. In that 
respect he himself offers evidence of the great care which must be ex- 
ercised by those attempting to deal with the problem, in order to ob- 
tain a balanced, comprehensive viewpoint. 


Manual for Water Works Operators. Texas Water Works 
and Sewerage Short School, State Department of Health and Texas 
Water & Sanitation Research Foundation, Austin, Tex. (3rd ed., 
1951) 


This new edition of a well known and useful manual has been 
revised to take into account many changes in water works knowledge 
and practice which have been introduced since the last edition was 
published in 1943. A series of chapters compiled by various authori- 
ties cover the range of topics with which the practising water works 
man must be familiar, from raw water supplies through the pumping, 
: storage, measurement and purification processes. Chapters on cor- 
rosion, industrial water supply, construction and other financing and 
design round out the scope of the volume. In addition, regional inte- 
rests are met by a chapter on health department requirements (prin- 
cipally in Texas) and by an appendix on certification of operators. 
Other useful appendixes offer data on the U.S. Public Health Service 
Drinking Water Standards, laboratory equipment and supplies, pol- 


(Continued on page 84) 
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WORTHINGTON - GAMON 


WATCH DOG 


The meter used by 
thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 


make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Pump and Machinery Corporation 
2% SOUTH STREET, NEWARK 5, NEW JERSEY 


—_—— 
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OFFICES IN ALL PRINCIPAL CITIES 
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THE READING METER 


(Continued from page 82) 


lution control regulations, fluoridation, emergency operation, safety, 
sources of standards, and books and other publications. It is un- 
fortunate that greater care was not exercised in compiling the last two 
sections, for the section on standards repeatedly gives the source of 
A.W.W.A. specifications either as the issue of the Journal in which 
they first were published—thus disregarding the many revisions 
which have since been made in many of them, or else as Water Works 
Practice—a volume which has been out of print for a number of years. 
The section on books similarly refers to the unavailable (and out- 
dated) Water Works Practice manual, and also to the out-of-print 


- Handbook of Cast Iron Pipe, to name only two. In general, however, 


the volume offers a valuable review of essential information. 


Architectural Graphic Standards. Charles George Ramsey & 
Harold Reeve Sleeper. John Wiley & Sons, New York (4th ed., 
1951) $10 


The fourth edition of an architect’s standby will also be found 
useful by engineers, draftsmen and contractors. More than five hun- 
dred oversized pages of drawings give construction details of most 
units found in ordinary and even many types of specialized building. 
Drawings and dimensions of cabinets, furniture, tools and furnishings 
for which space allowances must be made are also included. The 
volume is thoroughly indexed. 


Review of Current Research and Directory of Member In- 
stitutions. Engineering College Research Council, American Society 
for Engineering Education, Room 7-204, 77 Massachusetts Ave., 
Cambridge 39, Mass. (annual; 1951) $2.25 


This useful survey covers more than 5,200 research projects 
being conducted at a cost of over 50 million dollars at 91 engineering 
schools in America. In addition to complete research project titles 


and an index of subjects, the volume contains information on the poli- 
cies, personnel and expenditures for research at the various schools. 
Persons contemplating research projects will do well to consult this 
volume to avoid duplication and, perhaps, be guided toward a reward- 
ing exchange of information. 


? 
V ol. 43, No.7 
rg 
j 
| 
4 
| 
i 
rk 
‘Wer 
ae 
J 


July 1951 JOURNAL A.W.W.A. 


Aucoa Sodium Fluoride is particularly suitable for the fluoridation of 
water supplies. It flows freely, dissolves at a uniform rate and is ex- 
tremely easy to handle. Moreover, you can use ALCOA Sodium Fluoride 
with confidence—because the ALCOA name on any chemical product 
assures you of a uniform high degree of purity and a dependable source 
of supply. If your community is fluoridating its water supply—or is 
considering doing so—let us show you how Atcoa Sodium Fluoride 
can do the job for you. Write to ALUMiInum ComMPANY OF AMERICA, 
Cuemicats Division, 624 Gulf Building, Pittsburgh 19, Pennsylvania. 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS * CALCINED ALUMINAS + HYDRATED 
ALUMINAS ¢ TABULAR ALUMINAS * LOW SODA ALUMINAS 
ALUMINUM FLUORIDE + SODIUM FLUORIDE + SODIUM 
ACID FLUOBORIC CRYOLITE GALLIUM 
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APPROVED 


by eres LABORATORIES, Inc. 


GREENBERG 


Independently Valved HYDRANTS 
for non-freezing 


Western water works engineers and fire 
chiefs were the first to a approve 
California-type fire hydrants. Now, after 
exhaustive tests, Underwriters’ Laborator- 
ies, Inc. has confirmed your judgment. 

Greenberg No. 74 and 76 hydrants are 
equipped with independent valves of a 
new type which open quickly and easily, 
— full flow with minimum resist- 
ance, ey close tightly without water 
hammer. A major improvement over the 
old “cork in bottle” type valve! 


Other innovations such as you 
would expect of the people 
who evolved the California- 
7, type hydrant 75 years ago are 
a, shown in the free booklet “Hy- 

drants by Greenberg.” May we 


GREENBERG 
M. GREENBERGS SONS 


765 $t San Francisce Calif EXbreok 2-3144 
Les Angeles Seattle Portland « Salt Labe City Denver 
Peso New York Hertferd Wetineton Die. 


SERVICE LINES 
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A booklet on the services offered 
by Dowell, Inc., is offered to those 
concerned with the chemical cleaning 
of industrial equipment. Entitled “Cut 
Maintenance Costs,” the 8-page illus- 
trated bulletin is available from Dept. 
P of the company, Box 536, Tulsa 3, 
Okla. 


Valve actuating cylinders for the 
operation of gate, cone and other types 
of valves, are described in a leaflet 
offered by Ledeen Mfg. Co., 1602 S. 
San Pedro St., Los Angeles 15, Calif. 


Nonreturn or check valves are 
the subject of a bulletin entitled 
“Cushioned Single-Acting Nonreturn 
Valves” offered by Golden-Anderson 
Valve Specialty Co., 2091 Keenan 
Bidg., Pittsburgh 22, Pa. 


Pneumatic, hydraulic and electric 
operated Nordstrom valves are exten- 
sively described in a 40-page bulletin, 
V-214, issued by Rockwell Mfg. Co., 
Pittsburgh 8, Pa. 


“Dresser Couplings,” a lavishly il- 
lustrated, 34-page catalog devoted to 
Style 38 couplings and Style 40 long 
sleeves for joining steel and cast-iron 
pipe has just been issued. Copies may 
be obtained from the Dresser Mfg. 
Div., Bradford, Pa. 


Books published by Interscience 
Publishers, Inc., 250 Fifth Ave., New 
York 1, N.Y., are listed and described 
in the publisher’s 1951 catalog, avail- 
able on request. 


(Continued on page 88) 
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IN SYRACUSE, NEW YORK —on this 
gravity line, joints had to be completely 
leakproof to prevent possible infiltration of 
polluted ground water. Syracuse engineers 
specified a Dresser-Coupled steel line with 
confidence based on many years of ex- 
perience with this type of construction. 


Be Sure you get the best line at the best 
price. Put steel pipe and Dresser Couplings 
in your specifications. 


DRESSER 


Dresser Manufacturing Division, 59 
Fisher Ave., Bradford, Pa. (One of 
the Dresser Industries). Warehouses: 
1121 Rothwell St., Houston, Texas; 
101 S. Bayshore Highway, South 
San Francisco, California. Sales 
Offices: New York, Philadelphia, 
Chicago, Houston, South San Fran- 
cisco. In Canada: 629 Adelaide St., 
West, Toronto, Ontario. 
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A DRESSER- ‘COUPLED 


The cheapest way to deliver water to the 
place where it turns into revenue is with 
a Dresser-Coupled steel line—the line 
that cuts installation costs, leakage losses 
and maintenance costs. 


Once you have discovered the ease of 
construction and the lasting depend- 
ability of such a line you'll know why 
more and more engineers specify them 
every year. Long, strong sections of steel 
pipe are easily put in place and the joints 
are easily made by any labor. Construc- 
tion proceeds quickly, even in wet weather. 


Leakage losses are prevented by 
controlled gasket pressure which is the 
result of controlled bolt tightness around 
the joint. Dresser Couplings stay 
“flexible-tight”’ even in stressed locations. 


Maintenance is cut to the bone, too. 
Joints last for life, and the absence of 
heat in joining prevents damage to 
glass-smooth pipe linings. High carrying 
capacity is sustained. 

Experience all over the world proves 
that a Dresser-Coupled steel line gives 
you the ultimate in performance and 
economy. See your Dresser Sales Engineer 
or write our Bradford Office for literature. 
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FREE 


to WATER WORKS 
and SEWAGE MEN 


HOW TO. 
CONTROL 
ALGAE 


“The use of Copper Sul- 
phate in Control of Micro- 
scopic Organisms” is an 
authoritative work on con- 
trol of micro-organisms 
and elimination of tastes 
and odors. Describes meth- 
ods of controlling various 
forms of microscopic life 
commonly encountered in 
water supply systems. 
Contains descriptive ma- 
terial, plus 48 photo-micrograph studies of or- 
ganisms discussed. 


ROOT AND 
FUNGUS | 
CONTROL 


“Copper Sulphate for 
Root and Fungus Con- 
trol in Sanitary Sewers 
and Storm Drains,” by 
John W. Hood, contains 
information published 
for the first time. This 
material includes actual 
methods for control and 
operating procedure. 
i Here’s the book that is 
a “must” for all sewage men. 
GET EITHER OR BOTH OF THESE 
BOOKLETS ABSOLUTELY FREE— 
These two valuable booklets, so important to all 
water works and sewage men, are yours with- 
out obligation. For your copy of either one or 
both books. write on your company letterhead 
to Dept. JW-751, 


PHELPS DODGE REFINING 
® CORPORATION 


40 Wall Street New York 5, N. Y. 
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The Metallizing Engineering Co., 
38-14 30th St., Long Island City 1, 
N.Y., has assembled a portfolio of 
bulletins dealing with metal spraying 
techniques for corrosion prevention on 
a variety of iron and steel structures. 
Specifications, descriptions of proce- 
dure and illustrations are included. 


Piping fabrication and erection is 
the subject of a 24-page booklet issued 
by Dravo Corp., Neville Island, Pitts- 
burgh 22, Pa. The Bul., No. 1700, 
is being offered as a description of the 
firm’s facilities for engineering, fabri- 
cating and installing industrial piping. 


Taylor Forge Catalog 501, offer- 
ing descriptions of nozzles, welding 
necks and large diameter flanges, is 
being offered to those interested in 
pressure vessel work. The volume 
also contains TEMA standards and 
“Modern Flange Design,” which is 
also available separately as Bul. 502. 
Inquiries should be ‘addressed to Tay- 
lor Forge & Pipe Works, Box 485, 
Chicago 90, IIl. 


A new catalog of main-line meter- 
ing equipment, known as Bul. 311, has 
just been issued by Sparling Meter 
Co., 945 N. Main St., Los Angeles 54, 
Calif. Among items listed for the 
first time are a saddle mounting for 
reinforced concrete pipe and a level 
and open-flow indicator. 


“The Phoscote Process” is the 
title of an 8-page booklet just issued 
by Chicago Bridge & Iron Co., 332 S. 
Michigan Ave., Chicago 4, IIl., to de- 
scribe a process for removing mill 
scale from steel plates and shapes by 
immersing them in baths of sulfuric 
acid, wash water and phosphoric acid. 
A clean dry surface is provided, coated 
with iron phosphate, which improves 
the bond between the steel and the 
prime coat of paint. The latter is ap- 
plied while the metal is still warm 
from the final bath. 
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STEEL REACTOR FOR OIL REFINERY 
IN WEST FOR BOILER FEED AND 
COOLING, CAPACITY 1,000,000 GPD. 


COCHRANE 


Pioneer and Leader in Methods and Apparatus 
for Complete Conditioning of BOILER FEED, 
PROCESS and INDUSTRIAL Water Supplies 


THOUSANDS OF INSTALLATIONS 
THOUSANDS OF DISTINGUISHED USERS 


COCHRANE CORPORATION 
PHILADELPHIA 32, PA. 


Representatives in principal cities of U. S. 


In Canada: Canadian General Electric Company, Ltd., Toronto 
In Mexico: Babcock & Wilcox de Mexico, S.A. Mexico City 
In Europe: Recuperation Thermique & Epuration, Paris 
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Index of Aduertisers’ Products 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 


Aerators (Air Diffusers): 
American Well Works 
Infilco Inc. 

Permutit Co. 


Air Compressors: 

DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
Worthington Pump & Mach. Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 


Ammonia, Anhydrous: 
General Chemical Div. 
Ammoniators: 

Everson Mfg. Corp. 
Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 


irass Goods: 
American Brass 
M. Greenberg’s Sons 
Hays Mfg. Co. 
James = Co. 

mith Mfg. Co. 


Carbon Dioxide Generators: 
Infilco Inc. 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 


Cement Mortar Lining: 
Centriline 
Warren Foundry & Pipe Corp. 


Chemical Feed Apparatus: 

Builders-Providence, Inc. 

Cochrane Corp. 

Everson Mfg. Corp. 

Infileo Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit 

Proportioneers, Inc. 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Co., Inc. 


Chemists and Engineers: 
(See Prof. Services, pp. 25-29) 


Chlorination Equipment: 
Builders-Providence, Inc. 
Everson Mfg. Corp. 
Proportioneers, Inc. 

Wallace & Tiernan Co, Inc. 


Chlorine Comparators: 
Hellige, inc. 

Klett Mfg. Co 
Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 


Chiorine, Liquid: 
Solvay Sales Div 
Wallace & Tiernan Co., Inc. 


Clamps and 
H. Baker & Co., 
James B. Clow & io 
Dresser Mfg. Div. 
M. Greenberg’s Sons 
Co. 
ensselaer Valve Co. 
Skinner, M. B., Co. 
A. P. Smith Mig. Co. 
Smith-Blair, Inc. 


Clamps, Bell Joint: 
Carson-Cadillac Co. 
James B. Clow & Sons 
Dresser Mfg. Div. 


Build- 


Skinner, M. B., Co. 
Smith-Blair, Inc. 


Clamps, Pipe Kepair: 

R. H. Baker & Co., Inc. 
ames B. Clow & Sons 

Yresser Mfg. Div. 

Skinner, M. B., 

Smith- Blair, Inc. 

Warren Foundry & Pipe Corp. 


Clarifiers: 
American Well Works 
Chain Belt Co. 
Cochrane Corp. 
rr Co. 
Graver Water Conditioning Co. 
Infilco Inc. 
Permutit Co. 
Walker Process Equipment, Inc. 


Cleaning Water Mains: 


Flexible Underground Pipe Ciean- 
ing Co. 
National Water Main Cleaning Co. 


Condensers: 
United States Pipe & Foundry Co. 


Contractors, Water Supply: 
Boyce Co., Inc. 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. 

Infilco Inc. 

Simplex Valve & Meter Co 

R. W. Sparling 


Copper Sheets: 
American Brass Co. 


Copper Sulfate: 
General Chemical Div. 
Tennessee Corp. 


Corrosion Control: 
Calgon, Inc. 
Dearborn Chemical Co. 


Couplings, Flexible: 

R. H. Baker & Co., Inc. 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 
Philadelphia Gear Works, Inc. 
Smith-Blair, Inc. 


Diaphragms, Pump: 
Dorr Co. 

Morse Bros. Mchy. Co. 
Proportioneers, Inc. 


Engines, Hydraulic: 
Ross Valve Mfg. Co. 


Engineers and Chemists: 
(See Prof. Services, pp. 25-29) 


Feedwater Treatment: 
Calgon, Inc. 

Cochrane Corp. 

Dearborn Chemical Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc 
Infilco Inc. 

Permutit Co. 

Worthington Pump & Mach. Corp. 
Ferric Sulfate: 

Tennessee Corp. 


Filter Materials: 
Corp. 
Infilco Inc. 

Northern Co. 
Permutit 


Filters, oa Feedwater: 
Cochrane Corp. 
Dorr Co. 
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Everson Mfg. Corp. 
Infilco Inc. 

Morse Bros. Mchy. Co. 
Permutit Co. 

Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 


Filtration Plant Equipment: 

Builders-Providence, Inc. 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

— Corp., Ozone 


Worthington Pump & Mach. Corp. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 
Hays Mfg. Co. 

James Jones Co. 

A. P. Smith Mig. Co. 


Fittings, Tees, Elis, ete.: 
R. H. Baker & Co., Inc 
Carlon Products Corp. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 

ones Co. 

Cennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr Co. 

Infilco Inc. 

Permutit Co. 

Stuart Corp. 

Walker Process Equipment, Inc. 


Fluoride Chemicals: 

Aluminum Co. of America, Chemi- 
cals Div. 

Blockson Chemical Co. 


Furnaces: 


Jos. G. Pollard Co., Inc. 


Furnaces, Joint Compound: 
Northrop & Co., Inc. 


Gages, Liquid Level: 
Builders-Providence, Inc. 
Infilco Inc. 

Simplex Valve & Meter Co. 


Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 
Builders-Providence, Inc. 
Infilco Inc. 
Northrop & Co., Inc. 
Simplex Valve & Meter Co. 
R . Sparling 
Gasholders: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
mer B. Clow & Sons 
orthrop & Co., Inc. 
Smith-Blair, Inc. 


Gates, Shear and Sluice: 
Armco Drainage & Metal 


Inc. 
James B. Clow & Sons 


Build- 
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Pittsburgh Pipe Cleaner Co. 
can §-T-R-E-T-C-H 


THE WATER WORKS INDUSTRY IS ESSENTIAL 
CIVILIAN or DEFENSE 


To maintain a water supply system under these 
“stepped up” production requirements you need 
a Pittsburgh Pipe Cleaner Company complete pipe 
rehabilitation program. You will get highest oper- 
ating efficiency at LOWEST COST and LOWEST 
CONSUMPTION of CRITICAL MATERIALS. 


There was no shortege of material 
to replace tub lated or ded 
pipe and fittings in your water 
works system. 


There is @ shortage of this criti * General Surveys 
* Pipe Cleaning 
* Pipe Coating (in place) 


TOMORROW 


You will need a iarger water supply 
ons pressure to service the 
ts for defense 
production. wilt your present sys- 
tem do thot job adequately in the 
years to come? 


* Installation of new or replacement 
pipe for your present plant 
Don't Wait—Write Today—It Is Essential 
Pittsburgh Pipe Cleaner Co. Engineering Divi- 
sion can solve your water supply problems. 


PITTSBURGH PIPE CLEANER COMPANY 


133 Dahlen St., Pittsburgh 6, Pa. 


IRMINGHAM BOSTON BUFFALO’ + CHARLOTTE CHICAGO DETROIT 
PHILADELPHIA SAN FRANCISCO ST. LOUIS 
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Morse Bros. Mchy. Co. 
R. D. Wood Co. 


Gears, Speed Reducing: 
DeLaval Steam ‘Turbine Co. 
Philadelphia Gear Works, Inc. 


Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc. 

Klett Mfg. Co. 

Wallace & Tiernan Co., Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

James Jones Co. 

A. P. Smith Mfg. Co. 


Hydrants: 

James B. Clow & Sons 

M. Greenberg’s Sons 

James pn Co. 

Kennedy Valve Mfg. Co. 
C. Kupferle Foundry Co. 
udlow Valve Mig. Co. 

M & H Valve & Fittings Co. 
A. P. Smith Mfg. Ce. 
Rensselaer Valve Co. 

Ross Valve Mfg. Co. 

R. D. Wood Co. 


Hydrogen lon Equipment: 
Hellige, Inc. 
Wallace & Tiernan Co., Inc. 


Ion Exchange Materials: 
Cochrane Corp. 

Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mig. Co. 
Rohm & Haas C 


Iron Removal 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div. 

Jointing Materials: 

Atlas Mineral Products Co. 

Hydraulic Development Corp. 

Leadite Co., Inc. 

Northrop & Co., Inc. 


Joints, Mechanical, Pipe: 
R. H. Baker & Co., Inc 
Carson-Cadillac Co. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 

United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 

Leak Detectors: 

Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 

Dorr Co. 

Infilco Inc. 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 

Permutit Co. 


Manometers, Rate of Flow: 
Builders-Providence, Inc. 

Meter Boxes: 

Art Concrete Works 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 
Meter Couplings and Yokes: 
Badger Meter Mfg. Co. 

R. H. Baker & Co., Inc. 
Dresser Mfg. Div. 
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Ford Meter Box Co. 
Hays Mfg. Co. 
Hersey Mfg. Co. 
Jones Co. 
eptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Smith-Blair, Inc. 
Worthington-Gamon Meter Co. 


Meter Reading and Record 


sooks: 
Badger Meter Mfg. Co. 


Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 


Meters, Domestic: 

Badger Meter Mig. Co 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co 

Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 


Infilco Inc. 
Valve & Meter Co. 
Sparling 


Industrial, Commer- 
cial: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 
Builders-Providence, Inc. 
Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 

R. W. Sparling 

Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 


Mixing Equipment: 

Chain Belt 

Infilco Inc. 

Walker Process Equipment, Inc. 


Ozonation Equipment: 
Welsbach Corp., Ozone Processes 
Div. 


Pipe, Asbestos-Cement: 
Corp. 
easbey & Mattison Co. 


Pipe, Brass: 
American Brass Co. 


Pipe, Cast Iron (and Fittings) : 
American Cast Iron “oy Co. 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 

United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 

R. D. Wood Co. 


Pipe, Cement Lined: 
Cast Iron Pipe Research Assn. 
—_— B. Clow & Sons 

nited States Pipe & Foundry Co. 
Warren Foundry & 
R. D. Wood Co. 


Pipe Coatings and Linings: 
The Barrett Div. 

Cast Iron Pipe Research Assn. 
Centriline Corp. 

Dearborn eo Co. 

Koppers Co., 

Warren “x Pipe Corp. 


Pipe, Concrete: 

American Pipe & Construction Co. 
Lock Joint Pipe 

Price Bros, Co, 


Pipe Corp. 


V ol. 43, No.7 


Pipe, Copper: 
American Brass Co. 


Pipe Cutting Machines: 
James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Pipe Jointing Materials; see 
Jointing Materials 


Pipe Locators: 
Jos. G. Pollard Co., Inc 


Pipe, Plastic: 
Carlon Products Corp. 


Pipe, Steel: 
Armco Drainage & Metal Products, 


ne. 
Bethlehem Steel Co. 


Pipelines, Submerged: 
Boyce Co., Inc 


Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 

Warren Foundry & Pipe Corp. 


Potentiometers: 
Hellige, Inc. 


Pressure Regulators: 
Ross Valve Mfg. Co. 


Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Centrifugal: 
American Well Works 
DeLaval Steam Turbine Co. 
Economy Pum Inc. 
Morse Bros. Mechy. Co. 
Peerless Pump Div., Food 
Machinery Corp. 


Pumps, Chemical Feed: 
Infilco Inc. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 


Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp. 


Pumps, Diaphragm: 
Dorr Co. 

Morse Bros. Mchy. Co. 
Proportioneers, Inc. 


Pumps, Hydrant: 
Jos. G. Pollard Co., Inc. 


Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 


Pumps, Sewage: 
DeLaval Steam Turbine Co. 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery 


Pumps, Sump 

DeLaval Steam Co. 

Economy Pumps, Inc. 

Peerless Pump Div., “Food 
Machinery Corp. 


Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Layne & Bowler, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 


Rate Analysis: 
Recording & Statistical Corp. 


Recorders, Gas Density, CO2, 
NHa, 80:2, ete.: 

Permutit Co. 

Wallace & Tiernan Co., Inc. 
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HYDRO-TITe 


has joined more than a million miles 
of cast-iron water mains in the past 
4O years with complete satisfaction 
—Used with FIBREX, the bacteria- 
free joint packing, it makes an un- 
beatable combination. All around 
the world NOTHING takes the 
place of HYDRO-TITE. Free 


working samples on request. 


HYDRAULIC DEVELOPMENT 


Main Sales OFice 50 Church Street, New York Geneve 


| Offices 


end Works 


(LITTLEPIGS) 


(REELS) 


CORPORATION 


W. Medford Station, Boston, Mass 
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Recording Instruments: 
Builders-Providence, Inc. 
Infilco Inc. 

R. W. Sparling 

Wallace & Tiernan Co., Inc. 


Reservoirs, Steel: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; see 
Gages 


Sleeves; see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 
Cochrane Corp. 
Permutit Co. 


Soda Ash: 

Solvay Sales Div. 

Sedium Hexame hosphate: 
Blockson Chemical 

Calgon, Inc. 


Softeners: 

Cochrane Corp. 

Dearborn Chemical Co. 

Dorr Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 
Worthington Pump & Mach. Corp. 


Softening Chemicals and Com- 
ounds: 

Calgon, Inc. 

Infilco Inc. 

Permutit Co. 

Tennessee Corp. 


Standpipes, Steel: 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Steel Plate Construction: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 


Stops, Curb and Corporation: 
Hays Mfg. Co. 

James Jones Co. 

A. P. Smith Mfg. Co. 


Storage Tanks; see Tanks 


Strainers, Suction: 
James B. Clow & Sons 
M. Greenberg’s Sons 
R. D. Wood Co. 


Surface Wash Equipment: 
Permutit Co. 


Swimming Sterilization: 
Everson Mfg. 

Omega Machine Co. (Div., Build- 

ers Iron Fdry.) 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 
— Corp., Ozone Processes 

iv. 
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Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 

Tapping Machines: 

Hays Mig. Co. 

A. P. Smith Mfg. Co. 

Taste and Odor Removal: 

Cochrane Corp. 

Industriai Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp., Ozone Processes 
Div. 

Telemeters, Level, Pump Con- 
trol, Rate of Flow, Gate 
Position, ete.: 

Builders-Providence, Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) 

Hellige, Inc. 

Wallace & Tiernan Co., Inc. 

Turbines, Steam: 

DeLaval Steam Turbine Co. 

Worthington Pump & Mach. Corp. 

Turbines, Water: 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valve-Inserting Machines: 

A. P. Smith Mfg. Co. 

Valves, Altitude: 

Golden-Aaderson Valve Specialty 


Co. 
Ross Valve Mfg. Co., Inc. 
Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 
James B. Clow & Sons 
M. Greenberg’s Sons 
M & H Valve & Fittings Co. 
Rensselaer Valve Co. 
R. D. Wood Co. 
Valves, Detector Check: 
Hersey Mfg. Co. 
Valves, Electrically Operated: 
James B. Clow & Sons 
Valve 


0. 
Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty 


‘0. 
Ross Valve Mfg. Co., Inc. 
Valves, Gate: 

James B. Clow & Sons 
Dresser Mfg. Div. 

ones Co. 

Sennedy Valve Mfg. Co. 


Specialty 
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Ludlow Valve Mfg. 
M & H Valve & Fittings Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Hydraulically Oper- 
ated: 

James B. Clow & Sons 

Valve 


0. 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Large Diameter: 
James B. Clow & Sons 
Kennedy Valve Mfg. Co. 
Ludlow = Mig. Co. 

M & H Valve & Fittings Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Valves. Regulating: 
Golden-Anderson Valve 


0. 
Ross Valve Mfg. Co. 
Valves, Swing Check: 
James B. Clow & Sons 
-Anderson Valve 


M. Greenberg’s Sons 

M & H Valve & Fittings Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Waterproofing 
Dearborn Chemical Co. 
Inertol Co., Inc. 


Water Softening 
Softeners 


Water Sapply Contractors: 
Layne & Bowler, Inc. 

Water Testing Apparatus: 
Hellige, Inc. 

Wallace & Tiernan Co., Inc. 


Water Treatment Plants: 
American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 
Dearborn Chemical Co. 

Dorr Co. 

Everson Mfg. Corp. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, 
Wallace & Tiernan Co., Inc. 
Corp., Ozone Processes 


Specialty 


Specialty 


Speciaity 


Plants; see 


Inc. 


Wertbinggen Pump & Mach. Corp. 
Well Drilling Contractors: 
Layne & Bowler, Inc. 
Wrenches, Ratchet: 
Dresser Mfg. Div. 
Zeolite; see Ion 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1950 Membership Directory. 
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SELL & SPIGOT 
PIPE 


FLANGE PIPE 
e 


MECHANICAL 
JOINT PIPE 


FLEXIBLE 
JOINT PIPE 


SHORT BODY 
BELL & SPIGOT 
SPECIALS 


55 Liberty Street 


Foundry & Pipe Corp. New yores, N.Y. 
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Precision made for precision 


measurement! That's why 


Rockwell Arctic and Tropic type 
disc meters are so extremely 
sensitive. It also explains why 
they need so little attention 
and last so long—without 
costly reconstruction 

or replacement of major 
assemblies. Rockwell disc 
meters are strong and 
dependable. They reflect credit 
to the judgment of those 

who use them. 


ARCTIC TYPE 
For Cold Climates 


PITTSBURGH SE,PA. « Atlanta + Beston + Chicege 
Columbus + Houston Kansas City Los Angetes 
New York « Pittsburgh « Son * Seettte + Tulse 
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Sludge Digestion Tank Relief Valve 
™ EVERDUR 


This relief valve was especially devel- 
oped by Nussbaumer, Clark & Velzy 

of New York and Buffalo to relieve 
upward pressure on a concrete sludge 
digestion tank when ground water level 
becomes so high that flotation of the 
tank might otherwise occur. 


The engineers point out that the critical 
elements in this unit and its application 
are the valve seat and the restraining 
bolts. For these, Everpur* was spec- 
ified because of its excellent resistance 
to corrosion and its great strength, 


Everdur (ANACONDA Copper- 
Silicon Alloys) long ago proved 
its economy and durability in 
water and sewage works equip- 
ment under severely corrosive 
operating conditions. These 
easily welded alloys make 
possible the use of light- 
weight wrought assem- 

blies which provide 


exceptional ease of 
operation as well as 
long, rust-free service. 


Our Technical Depart- 
ment will gladly help 
you select the most 
suitable Everdur alloy 
for your equipment or 
corrosion problem. 
Address: The American 
Brass Company, 


be ste 20, Conn. where corrosion resistance counts — consider 
n Canada: Anaconda 


American Brass Ltd., ad 
New Toronto, Ont. N ACO ay D 
51144 


*Reg. U. S. Pat. Off, COPPER-SILICON ALLOYS 
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Jointed for . . . 
Permanence 


with LEADITE om 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 


Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pioneer self-caulking material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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